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ABSTRACT 

Conductive materials and devices, apparatuses, systems and 
methods that employ same. The conductive material can 
include a conductive polymer material that can be utilized to 
monitor one or a combination of conditions during patient 
therapy, such as patient access, solution compounding and 
the like. This can facilitate the safe and effective adminis 
tration of patient therapy, such as dialysis therapy. 



Patent Application Publication Dec. 16, 2004 Sheet 1 0f 17 US 2004/0254513 A1 

a 2 m .H w W m A<WMOAMOU<MHXM 



Patent Application Publication Dec. 16, 2004 Sheet 2 0f 17 US 2004/0254513 A1 

FIG.1B 

lllllllllllllll I|IIIIlllll|||||||||||l|||||||||lllllllllJ 
0 ww w w 

3/ .Alow " 

L “ 

BF 0% i; a M e w 

00 u 8 

6 M 4 

4 m M Illl/ 3 M m M w W 6_ n u u 3 

42 J‘ 

38 

r I l I I l I I l I | l | l l l|||IIlIllllllllllllllllllllllllllllllllllll|||l||||||L 



Patent Application Publication Dec. 16, 2004 Sheet 3 0f 17 US 2004/0254513 A1 

( 

/ 

72 54 

68 

2 
L5 
r-4 

U-i 
62 



Patent Application Publication Dec. 16, 2004 Sheet 4 0f 17 US 2004/0254513 A1 

FIG.2A 
106 

5 18/474 WAE/l/l/l/A/i/W/ 
p 



Patent Application Publication Dec. 16, 2004 Sheet 5 0f 17 US 2004/0254513 A1 

FIG.2B 

80 

6 

0 l 1 

\W \\\\\ \\,\\I W /////// 

/ / /r%/ // // //////// 

/ H1 



Patent Application Publication Dec. 16, 2004 Sheet 6 0f 17 US 2004/0254513 A1 
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FIG.4A 
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CONDUCTIVE POLYMER MATERIALS AND 
APPLICATIONS THEREOF INCLUDING 

MONITORING AND PROVIDING EFFECTIVE 
THERAPY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application is a continuation-in-part of 
US. patent application Ser. No. 10/121,006 ?led on Apr. 10, 
2002. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to conduc 
tive polymer materials and methods of preparing and 
employing same. More speci?cally, the present invention 
relates to conductive polymer materials and applications 
thereof including monitoring patient access disconnection, 
monitoring solution mixing and compounding and the like 
during medical therapy, such as dialysis therapy. 

[0003] A variety of different medical treatments relate to 
the delivery of ?uid to and/or from a patient, such as the 
delivery of blood betWeen a patient and an eXtracorporeal 
system connected to the patient via a needle or needles or 
any suitable access device inserted Within the patient. For 
eXample, hemodialysis, hemo?ltration and hemodia?ltration 
are all treatments that remove Waste, toXins and eXcess Water 

directly from the patient’s blood. During these treatments, 
the patient is connected to an eXtracoporeal machine, and the 
patient’s blood is pumped through the machine. Waste, 
toXins and eXcess Water are removed from the patient’s 
blood, and the blood is infused back into the patient. Needles 
or other suitable access devices are inserted into the patient’s 
vascular access in order to transfer the patient’s blood to and 
from the eXtracoporeal machine. Traditional hemodialysis, 
hemo?ltration and hemodia?ltration treatments can last sev 
eral hours and are generally performed in a treatment center 
about three to four times per Week. 

[0004] During any of these hemo treatments, dislodgment 
of the access device can occur, such as dislodgment of a 
needle inserted into the patient’s vascular access including 
an arterio-venous graft or ?stula. If not detected immedi 
ately, this can produce a signi?cant amount of blood loss to 
the patient. The risks associated With a needle dislodgment 
are considerable. In this regard, important criteria for moni 
toring blood loss include, for eXample, the sensitivity, speci 
?city and response time With respect to the detection of 
needle dislodgment. With increased levels of sensitivity, 
speci?city, and response time, the detection of needle dis 
lodgment can be enhanced, and blood loss due to dislodg 
ment can be minimiZed. 

[0005] Typically, patients undergoing medical treatment, 
such as hemodialysis, hemo?ltration or hemodia?ltration, 
are visually monitored in order to detect needle dislodgment. 
HoWever, the needle may not be in plain vieW of the patient 
or medical staff (i.e., it may be covered by a blanket) such 
that it could delay detection and, thus, responsive actions to 
be taken in vieW of dislodgment, such as stopping the blood 
pump of the eXtracorporeal machine to minimiZe blood loss 
to the patient. 

[0006] Moreover, in vieW of the increased quality of life, 
observed reductions in both morbidity and mortality and 
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loWer costs than in-center treatments, a reneWed interest has 
arisen for self care and home hemo therapies. Such home 
hemo therapies (Whether hemodialysis, hemo?ltration or 
hemodia?ltration) alloW for both nocturnal as Well as daily 
treatments. During these self care and home hemo sessions, 
especially during a nocturnal home hemo session, When the 
patient is asleep, dislodgment risks are more signi?cant 
because nurses or other attendants are not present to detect 
the dislodgment. 

[0007] Although devices that employ a variety of different 
sensors are available and knoWn for detecting and/or moni 
toring a variety of different bodily ?uids, these devices may 
not be suitably adapted to detect needle dislodgment. For 
eXample, knoWn devices that employ sensors including pH, 
temperature and conductivity have been utiliZed to detect 
bedWetting and diaper Wetness. Further, devices that employ 
pressure sensors and/or ?oW sensing devices are knoWn and 
used during medical treatment, such as dialysis therapy, to 
monitor ?uid ?oW including blood How to and/or from the 
patient. HoWever, these types of detection devices may not 
provide an adequate level of sensitivity and responsiveness 
if applied to detecting blood loss from the patient due to 
needle dislodgment. Although venous pressure is knoWn to 
be used to monitor needle dislodgment, it is not very 
sensitive to needle drop-out. 

[0008] Additional other devices and methods are generally 
knoWn to monitor vascular access based on the electrical 
conductivity of blood. For example, Australian Patent No. 
730,338 based on PCT Publication No. WO 99/12588 
employs an electrical circuit Which includes tWo points 
through Which current is induced in blood ?oWing through 
an eXtracorporeal circuit in a closed loop. Electrical current 
is induced by means of a coil that is placed around the 
outside of the tubing of the blood circuit. Thus, each coil 
does not directly contact the blood as it circulates through 
the tubing. In this regard, an electrical current is induced in 
the blood loop by an alternating current that ?oWs through 
one of the coils. The second coil is then utiliZed to measure 
a change in amperage of the induced current as it ?oWs 
through the blood circuit. 

[0009] In this regard, electrical current is coupled to a 
blood treatment system that includes a number of high 
impedance components, such a blood pump, air bubble 
traps, pinch clamps and/or the like. Because of the large 
impedance of the conducting ?uid loop (due to the peristaltic 
pump and other components), the induction and detection of 
a patient-safe current requires an impractically compleX 
design of the coil and system. Further, a high level of noise 
Would necessarily result from the use of such levels of 
induced current. This can adversely impact the sensitivity of 
detection. If loWer currents are used, the ?eld coil Would 
have to be increased in siZe to detect such loW current levels. 
This may not be practical in use, particularly as applied 
during dialysis therapy. 

[0010] PCT Publication No. WO 01/47581 discloses a 
method and device for monitoring access to the cardiovas 
cular system of a patient. The access monitoring employs an 
electrical circuit Which can generate and detect a current at 
separate points along a blood circuit connected to the 
patient. Electrical current is coupled to the blood using 
capacitive couplers that each have a metal tube placed 
around the blood circuit tubing. In this regard, the metal tube 
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de?nes a ?rst plate of a capacitor; the blood circuit tubing 
de?nes the dielectric; and the blood inside of the blood 
circuit tubing de?nes the second plate of the capacitor. 

[0011] The generator applies a potential difference 
betWeen a pair of points to generate a current in a segment 
of the blood circuit. A detector utiliZes an additional and 
separate pair of contact points to measure the current along 
at least one section of the venous branch betWeen a ?rst 
contact point and the venous needle. The change in voltage 
(dV) can then be determined based on a measured change in 
current and compared to a reference range (I) to monitor 
access conditions. In this regard, PCT Publication No. WO 
01/47581 requires a complex circuit design that utiliZes 
multiple sets of capacitive couplers to monitor vascular 
access conditions. This can increase the cost and expense of 
using same. 

[0012] Further, the mere use of capacitive coupling to 
inject an electric signal in the blood circuit and/or for 
detection purposes can be problematic. In this regard, the 
signal must pass through the tubing of the blood circuit as 
the tubing acts as a dielectric of the capacitor. This may 
cause an excess level of noise and/or other interference With 
respect to the detection of changes in vascular access 
conditions. 

[0013] In this regard, it is believed that knoWn devices, 
apparatuses, systems, and/or methods that can be used to 
monitor a patient’s access conditions may not be capable of 
detecting change in access conditions, such as in response to 
needle drop-out, With suf?cient sensitivity and speci?city to 
ensure immediate detection of blood loss such that respon 
sive measures can be taken to minimiZe blood loss. As 
applied, if tWenty seconds or more of time elapses before 
blood loss due to, for example, dislodgment of the venous 
needle, over 100 milliliters in blood loss can occur at a blood 
?oW rate of 400 ml/min, Which is typical of dialysis therapy. 
Thus, the capability to respond quickly upon immediate 
detection of dislodgment of an access device, such as a 
needle, from a patient is essential to ensure patient safety. 

[0014] In addition to dislodgement, additional other 
parameters are, in general, monitored to evaluate changes 
thereof during medical procedures including dialysis 
therapy. For example, temperature sensors, pressure sensors, 
conductivity sensors and the like are generally knoWn and 
used in a variety of Ways to detect and monitor condition 
changes during medical therapy. 

[0015] As applied to dialysis therapy and the like, a 
dialysis solution can be administered to a patient in mixed 
form. In this regard, the extent to Which the solution is mixed 
can have an impact on the effectiveness of the associated 
therapy. In dialysis therapy, the solutions may have varying 
pH levels that are at levels considered to be non-physiologic 
prior to mixing, While after mixing, the ?nal solution is 
required to have a pH at a physiological level necessary for 
effective and safe administration during therapy. In general, 
conductivity sensors and pH sensors are knoWn and used. 
HoWever, it is believed that knoWn sensors may not be as 
effective in terms of detection capabilities and relative ease 
of use, particularly as applied during dialysis therapy. 

[0016] Accordingly, efforts have been directed at design 
ing apparatuses, devices, systems and methods for improved 
monitoring of patient therapy, such as detecting changes in 
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patient access conditions in response to needle dislodgment, 
detecting changes in solution compounding and mixing, and 
the like, Wherein detection is sensitive, speci?c and imme 
diate in response to such changes such that responsive 
measures can be suitably taken to provide the patient With 
effective therapy, such as dialysis. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides improved devices, 
apparatuses, systems and methods that utiliZe electrically 
conductive materials to monitor a variety of different con 
ditions or parameter changes associated With the adminis 
tration of one or more solutions during medical therapy. In 
turn, this can facilitate the safe and effective administration 
of the medical therapy, such as dialysis therapy. 

[0018] In an embodiment, the conductive material 
includes a polymer conductive material that can include, for 
example, a polymer conductive component or a polymer 
matrix and a separate conductive component that is incor 
porated Within the polymer matrix. The conductive materials 
of the present invention can be utiliZed in a number of 
different applications. For example, the conductive materi 
als, such as the conductive polymer material, can be 
employed to monitor solution mixing and compounding. 
This can be utiliZed to evaluate Whether the solution or 
solutions have been effectively mixed prior to administration 
during therapy. This can be determined by monitoring a pH 
change in the solution based on changes in conductivity. In 
this regard, the solution can be derived from a mixture of 
solution components With varying pH levels, such as 
betWeen about 1.8 to about 9.2. Thus, the present invention 
can be utiliZed to determine Whether the pH of the mixed 
solution is effectively maintained prior to use. 

[0019] The present invention provides improved devices, 
apparatuses, systems, and methods for detecting dislodg 
ment or disconnection of an access device, such as dislodg 
ment of a needle inserted in a patient during dialysis therapy. 
The devices, apparatuses, systems, and methods of the 
present invention utiliZe an electrical circuit With a number 
of electrical contacts Which are in ?uid contact With the ?uid 
circuit such that an electrical signal can be injected into at 
least a segment including, for example, a loop de?ned along 
at least a portion of the conducting ?uid circuit. In this 
regard, a direct-contact measurement can be used to provide 
immediate detection of a change in an electrical value in 
response to a change in access conditions, such as a change 
in impedance due to dislodgment of a needle or other access 
device from the patient during medical therapy including, 
for example, dialysis therapy and medication delivery. 

[0020] An advantage of the present invention is to provide 
an improved device, apparatus, system and/or method for 
monitoring patient therapy, such as for detecting patient 
access disconnection, for monitoring solution compounding 
and the like. 

[0021] Another advantage is to provide devices, appara 
tuses, systems and methods that employ electrically con 
ductive materials, such as conductive polymer materials, to 
monitor patient therapy, such as dialysis. 

[0022] A further advantage of the present invention is to 
provide an improved device, apparatus, system and/or 
method for detecting dislodgment of an access device from 
a patient during medical therapy including dialysis therapy. 








































