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SYSTEMS AND METHODS FOR PLACING
HEART LEADS

PRIORITY

[0001] The present application is a continuation patent
application that is related to, and claims the priority benefit of,
U.S. patent application Ser. No. 12/503,341, filed Jul. 15,
2009, which is a continuation patent application that is related
to, and claims the priority benefit of, U.S. patent application
Ser. No. 12/522,432, filed Jul. 8, 2009, which is related to,
claims the priority benefit of, and is a U.S. national stage
patent application of International Patent Application Serial
No. PCT/US2008/000833, filed Jan. 23, 2008, which is
related to and claims the priority benefit of: (I) U.S. Provi-
sional Patent Application Ser. No. 60/881,840, filed Jan. 23,
2007; and (2) International Patent Application Serial No.
PCT/US2007/015239, filed Jun. 29, 2007, which (a) claims
priority to U.S. Provisional Patent Application Ser. No.
60/817,422, filed Jun. 30, 2006; (b) claims priority to and is a
continuation-in-part of U.S. patent application Ser. No.
10/782,149, filed Feb. 19, 2004, which claims priority to U.S.
Provisional Patent Application Ser. No. 60/449,266, filed
Feb. 21, 2003, U.S. Provisional Patent Application Ser. No.
60/493,145, filed Aug. 7, 2003, and U.S. Provisional Patent
Application Ser. No. 60/502,139, filed Sep. 11, 2003; and (c)
claims priority to and is a continuation-in-part of U.S. patent
application Ser. No. 11/063,836, filed Feb. 23, 2005, which
claims priority to U.S. patent application Ser. No. 10/782,
149, filed Feb. 19, 2004. The contents of each of these appli-
cations are hereby incorporated by reference in their entirety
into this disclosure.

BACKGROUND

[0002] Treatment of certain cardiovascular diseases such as
aortic aneurysms or chronic heart failure often includes posi-
tioning devices within the aorta or the coronary sinus through
catheterization. Such procedures require precise placement
of the implanted devices within the target lumens, and can
result in severe complications if such implantations are inac-
curate. Accordingly, having a clear map of the aorta and/or
coronary sinus minimizes the risks involved in these proce-
dures.

[0003] An aortic aneurysm is a ballooning of the wall of an
artery resulting from the weakening of the artery due to dis-
ease, heredity, aging or other conditions. When an area of the
aortic wall weakens, the pressure of the blood flowing
through the weakened area causes the vessel wall to balloon
out, forming a blood-filled aneurysm sack. Although most
aneurysms are initially small, aneurysms tend to enlarge over
time. Left untreated, the aneurysm will frequently rupture,
resulting in loss of blood through the rupture.

[0004] Aortic aneurysms are the most common form of
arterial aneurysm and are life threatening due to the massive
internal bleeding that results from rupture. In the past 30
years, the occurrence of abdominal aortic aneurysms
(“AAA”), in particular, has increased threefold. According to
the Society of Vascular Surgeons, ruptured aneurysms
account for more than 15,000 American deaths each year,
making the AAA the thirteenth leading cause of death in the
United States.

[0005] The aorta is the main artery that carries blood from
the heart to the rest of the body. The aorta arises from the left
ventricle of the heart, extending upward and bending over
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behind the heart, and thereafter extending downward through
the thorax and abdomen. The abdominal aorta supplies the
two side vessels to the kidneys, the renal arteries. Below the
level of the renal arteries, the abdominal aorta continues to
about the level of the fourth lumbar vertebrae where it divides
into the iliac arteries. The iliac arteries supply blood to the
lower extremities and perineal region. Accordingly, the aorta
is a major arterial component of the circulatory system and
maintaining its general condition is critical to the overall
health of the patient.

[0006] AAA is the most common type of aortic aneurysm.
Specifically, AAA is an aneurysm that occurs in the portion of
the abdominal aorta that is particularly susceptible to weak-
ening between the renal arteries and the iliac arteries. While,
in other areas of the aorta the indication that intervention is
necessary is when the aneurysm reaches about 5 cm in diam-
eter, an aortic aneurysm larger than about 4 cm in diameter in
this section of the aorta is ominous. Left untreated, the AAA
may rupture, resulting in rapid and usually fatal hemorrhag-
ing.

[0007] Although the mortality rate for an aortic aneurysm is
extremely high (about 75-80%), there is also considerable
mortality and morbidity associated with surgical intervention
to repair an aortic aneurysm. This intervention typically
involves going through the abdominal wall to the location of
the aneurysm in order to bypass or replace the diseased sec-
tion of the aorta. A prosthetic device, typically a synthetic
tube, is often used for this purpose. The graft serves to exclude
the aneurysm from the circulatory system, thus relieving the
pressure and stress on the weakened section of the aorta at the
aneurysm.

[0008] Repair of an aortic aneurysm by surgical means is a
major operative procedure. In addition, substantial morbidity
accompanies the procedure, resulting in a protracted recovery
period. Finally, the procedure entails a substantial risk of
mortality. While surgical intervention may be required in
spite of these risks, certain patients may not be able to tolerate
the stress of intra-abdominal surgery. It is desirable to reduce
the mortality and morbidity associated with intra-abdominal
surgical intervention.

[0009] In recent years, methods have been developed to
attempt to treat an aortic aneurysm without the attendant risks
of surgical intervention. One such minimally invasive alter-
native is endovascular aneurysm repair (“EVAR”). EVAR
treatment involves the placement of an endovascular stent in
the aneurismal area of the aorta through a percutaneous tech-
nique. Specifically, in most circumstances, the endovascular
stent is inserted into a blood vessel (artery or vein), usually
through an entry site located in the upper leg or neck. Under
fluoroscopy, the stent is navigated through the blood vessels
until it reaches the aorta where it is positioned over the aneu-
rysm.

[0010] While EVAR has been reported to have a lower
mortality rate as compared to open surgical repair, to effec-
tuate a successful delivery of EVAR, it is necessary to have a
clear map of the aorta such that the stent can be properly
positioned. Although the aneurysmic regions of the aorta may
be quite diseased and atherosclerotic, for the procedure to be
successful a healthy portion of the aorta must be present to
serve as a landing zone for the stent. For example, securing
the stent to a diseased region of the aorta will result in a faulty
seal that will not adequately reroute the blood flow away from
the aneurysmic region, thereby resulting in a reoccurrence of
the condition. As accurate placement of the stent is critical,
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visualization of the aortic structure has been an obstacle for
proper navigation during delivery of the stent. Currently,
clinicians perform magnetic resonance imaging prior to
delivering the stent in order to supply an axial profile of the
aorta. However, magnetic resonance imaging is expensive
and time consuming to obtain, and the results exhibit limited
spatial resolution.

[0011] Chronic heart failure (“CHF”) is another cardiovas-
cular disease, the treatment of which often includes catheter-
ization. CHF is a disease condition in which the heart fails to
function efficiently as a pump and cannot provide sufficient
blood flow and/or pressure to satisfy the normal circulatory
needs of a patient. A patient with acute CHF often experi-
ences sudden shortness of breath, fainting, and irregular heart
beats that require frequent emergency room treatments. In its
chronic form, CHF leads to repeated hospital stays, a dete-
rioration in quality of life, and significant costs to the health-
care system.

[0012] In about 30% of CHF patients, the disease process
compromises the myocardium’s ability to contract, which
thereby alters the conduction pathways through the heart. A
healthy heart has specialized conduction pathways in both the
atria and the ventricles that enable the rapid conduction of
excitation (i.e. depolarization) throughout the myocardium.
Normally, the sinoatrial node (“SA node”) initiates each
heart-beat cycle by depolarizing so as to generate an action
potential. This action potential propagates relatively quickly
through the atria, which react by contracting, and then rela-
tively slowly through the atrio-ventricular node (“AV node”).
From the AV node, activation propagates rapidly through the
His-Purkinje system to the ventricles, which also react by
contracting. This natural propagation synchronizes the con-
tractions of the muscle fibers of each chamber and synchro-
nizes the contraction of each atrium or ventricle with the
contralateral atrium or ventricle.

[0013] When a patient exhibits damage to the electrical
system of the heart, as is often seen in patients with CHF,
severe issues may arise. Disruption of the conductance path-
ways through the heart can cause a delay in the beginning of
right or left ventricular systole and thereby induce asynchro-
nous atrial and ventricular activation. Electrocardiographi-
cally, this dysynchrony is manifested as a long QRS interval.
Alterations in ventricular contractility frequently compro-
mise the ability of the failing heart to eject blood and may
consequently increase the severity of the regurgitant flow
through the mitral valve. In patients exhibiting these severe
symptoms, the intraventricular conduction delays lead to
clinical instability associated with a greatly increased risk of
death.

[0014] Since 2001, approximately 271,000 heart failure
patients in the United States have received cardiac resynchro-
nization therapy (“CRT”) to treat moderate to severe heart
failure (“HF”). Conventional CRT methods employ a pace-
maker to pace both ventricles of the heart such that the heart
can resynchronize. CRT devices have three leads; the first
positioned in the atrium, the second positioned in the right
ventricle, and the third inserted through the coronary sinus to
pace the left ventricle.

[0015] Due to the required placement of the third lead, the
implantation and maintenance of a CRT device are associated
with a greater risk than the implantation and maintenance of
a standard pacemaker device. Primarily, it is a difficult pro-
cedure to advance the pacing lead into the coronary sinus and
cardiac veins and, thus, implantation fails in approximately
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8% of patients. Further, in approximately 6% of patients,
implantation is compromised by dissection or perforation of
the coronary sinus or cardiac vein. Severe complications are
associated with the inaccurate implantation of a pacing lead,
including complete heart block, hemopericardium, and car-
diac arrest (which, together, occurred in about 1.2% of
patients).

[0016] As accurate placement of the leads is critical, the
ability to visualize a map or profile of the coronary sinus is
important to ensure proper navigation. Conventionally, clini-
cians use cardiac angiography to visualize the lumen of the
blood vessels and the heart chambers. Cardiac angiography
typically involves using a combination of injections of radio-
contrast agent or dye and x-ray fluoroscopy to visualize the
position and size of blood within the heart. This process,
however, is not particularly accurate and does not provide a
detailed profile of the coronary sinus.

[0017] Thus, there is a need for an efficient, accurate, easy
to use, and reasonably priced technique for determining the
longitudinal profile of the aorta and the coronary sinus.

BRIEF SUMMARY

[0018] Various embodiments of devices, systems, and
methods for localization of body lumen junctures are dis-
closed herein. At least some of the disclosed embodiments
allow a clinician to identify desired anatomical structures
with a higher spatial resolution than with conventional tech-
niques. For example, in certain embodiments, a clinician may
use embodiments of the devices, systems and methods dis-
closed herein to accurately identify various bifurcations
branching off of the coronary sinus. A clinician may further
use the embodiments described herein to accurately place a
lead within a coronary sinus or a bifurcation branching there-
from. In certain other embodiments, a clinician may use
embodiments of the devices, systems and methods disclosed
herein to create a conductance profile of an aorta that is
capable of showing the locations of lesions or other struc-
tures. In this manner, conductance profile can be used to
accurately treat an aortic aneurysm by employing a stent.
[0019] Some embodiments disclosed herein include sys-
tems for localizing a body lumen junction or other intralumi-
nal structure. These systems comprise a catheter having a
proximal end and a distal end for placement into a body
lumen. The catheter may comprise a first electrode and a
second electrode, and each of the first and second electrodes
have a proximal end and a distal end; the distal ends of the first
and second electrodes are located between the proximal and
distal ends of the catheter. In some embodiments, the catheter
may comprise a thin wire. The system further comprises a
processor connected to the first and second electrodes of the
catheter. The processor is capable of collecting conductance
data to determine a profile of the body lumen. The conduc-
tance data is collected at a plurality of locations within the
body lumen and determined at each of the plurality of loca-
tions when the distal ends of the first and second electrodes
are immersed in a fluid within the body lumen. In some
embodiments, the processor is also capable of calculating a
cross-sectional area of the body lumen at each of the plurality
of locations within the body lumen using the conductance
data.

[0020] For certain embodiments of such systems, the rel-
evant body lumen comprises at least a portion of an atrium,
coronary sinus, aorta, a pulmonary vein-atrial junction, a
blood vessel, a biliary tract, or an esophagus. Indeed, many
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embodiments may be used in connection with any other body
lumen that is suitable for access and localization.

[0021] Thebody lumen may have at least some fluid inside,
and the fluid may comprise blood or another suitable fluid,
such as a solution of NaCl having a known conductivity.
Certain embodiments of the catheter have a passageway for
passing fluid through the catheter to the location of the distal
ends of the first and second electrodes, such that the fluid
passing through the passageway comes in contact with the
distal ends of the first and second electrodes. For some
embodiments, the conductance data is determined at each of
aplurality of locations within the lumen when the distal ends
of'the first and second electrodes are immersed in a first fluid
having a first conductivity and then a second fluid having a
second conductivity. The conductance data may comprise a
first conductance value determined at each of the plurality of
locations when the distal ends of the first and second elec-
trodes are immersed in the first fluid and a second conduc-
tance value determined at each of the plurality of locations
when the distal ends of the first and second electrodes are
immersed in the second fluid. The profile of the body lumen
is therefore determined from the first and second conductance
values collected from each of the plurality of locations, the
first conductivity of the first fluid, and the second conductivity
of the second fluid. The profile may consist of actual or
relative values for cross-sectional areas or conductances.
[0022] Many embodiments disclosed herein have a catheter
with at least four electrodes, including at least two excitation
electrodes and at least two detection electrodes. Further, in
certain embodiments, the catheter may comprise a thin wire
having at least four electrodes. Each of the electrodes has a
proximal end and a distal end, wherein the proximal ends of
the electrodes may be connected to the processor directly or
indirectly. In at least some embodiments, the distal ends of the
excitation electrodes are located between the proximal and
distal ends of the catheter, and the distal ends of the detection
electrodes are located between the distal ends of the excita-
tion electrodes.

[0023] Certain embodiments disclosed herein include a
number of steps for localizing a junction or other structure
within a body lumen, including providing an embodiment of
a system as disclosed herein; introducing the catheter into the
body lumen; providing electrical current flow to the body
lumen through the catheter; measuring a first conductance
value at a first location in the body lumen; moving the catheter
to a second location in the body lumen; measuring a second
conductance value at a second location in the body lumen;
and determining a profile of the body lumen based on the first
conductance value of the first location and the second con-
ductance value of the second location. The profile of the body
lumen resulting from such embodiments may include relative
conductances and/or relative cross-sectional areas.

[0024] For other embodiments, the actual values for the
lumen conductance or cross-sectional area are determined by
further injecting a known volume of a first solution having a
first conductivity into the body lumen; injecting a second
solution having a second conductivity into the body lumen,
wherein the second solution has a second volume and wherein
the second conductivity does not equal the first conductivity;
measuring a second conductance value at the first location in
the body lumen; calculating the conductance at the first loca-
tion in the body lumen; measuring a first conductance value at
a second location in the body lumen; and calculating the
conductance at the second location in the body lumen. The
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determination of the profile of the body lumen may be based
on the conductance of the first location, the conductance of
the second location, and the conductivities of the first and
second solutions. In addition, in some embodiments, the tis-
sue is ablated after localization using the same catheter for
both aspects of the procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows the visual output of an embodiment of
a catheter system for localization during an experiment of
movement through an interior of a surgical glove;

[0026] FIG. 2A shows the visual output of an embodiment
of a catheter system for localization during an experiment of
movement through an interior of a heart;

[0027] FIG. 2B shows a mean lumen profile of an aorta as
generated by one embodiment of a catheter system for local-
ization;

[0028] FIG. 2C shows a mean lumen profile of an aorta
generated by one embodiment of a catheter system for local-
ization and further comprising corrections for bifurcations;
[0029] FIG. 3A shows an embodiment of a catheter for
localization of a body lumen juncture;

[0030] FIG. 3B shows another embodiment of a catheter for
localization of a body lumen juncture;

[0031] FIG. 3C shows an embodiment of a catheter for
localization and ablation of a body lumen juncture;

[0032] FIG. 4A shows another embodiment of a catheter
for localization;
[0033] FIG. 4B shows an embodiment of a balloon catheter

having impedance measuring electrodes supported in front of
the stenting balloon;

[0034] FIG. 4C shows another embodiment of a balloon
catheter having impedance measuring electrodes within and
in front of the balloon;

[0035] FIG. 4D shows an embodiment of a catheter having
an ultrasound transducer within and in front of the balloon;
[0036] FIG. 4E shows an embodiment of a guide catheter
with wire and impedance electrodes;

[0037] FIG. 4F shows an embodiment of a catheter with
multiple detection electrodes;

[0038] FIG. 5A shows an embodiment of a catheter in
cross-section proximal to the location of the sensors showing
the leads embedded in the material of the probe;

[0039] FIG. 5B shows another embodiment of a catheter in
cross-section proximal to the location of the sensors showing
the leads run in separate lumens;

[0040] FIG. 6 is a schematic of an embodiment of a system
showing a catheter carrying impedance measuring electrodes
connected to a data processor equipment and excitation unit
for the measurement of conductance and/or cross-sectional
area;

[0041] FIG. 7A shows the detected filtered voltage drop as
measured in the blood stream before and after injection of
1.5% NaCl solution;

[0042] FIG. 7B shows the peak-to-peak envelope of the
detected voltage shown in FIG. 7A;

[0043] FIG. 8A shows the detected filtered voltage drop as
measured in the blood stream before and after injection of
0.5% NaCl solution;

[0044] FIG. 8B shows the peak-to-peak envelope of the
detected voltage shown in FIG. 8A;

[0045] FIG. 9 shows one embodiment of a catheter for
localization being used in the treatment of an aortic aneu-

rysm;
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[0046] FIG. 10 shows one embodiment of a treatment for an
aortic aneurysm;

[0047] FIG. 11A shows the voltage recorded by a conduc-
tance catheter with a radius of 0.55 mm for various size
vessels (vessel radii of 3.1, 2.7,2.3, 1.9, 1.5 and 0.55 mm for
the six curves, respectively) when a 0.5% NaCl bolus is
injected into the treatment site; and

[0048] FIG. 11B shows the voltage recorded by a conduc-
tance catheter with a radius of 0.55 mm for various size
vessels (vessel radii of 3.1, 2.7,2.3, 1.9, 1.5 and 0.55 mm for
the six curves, respectively) when a 1.5% NaCl bolus is
injected into the treatment site.

DETAILED DESCRIPTION

[0049] It will be appreciated by those of skill in the art that
the following detailed description of the disclosed embodi-
ments is merely exemplary in nature and is not intended to
limit the scope of the appended claims.

[0050] During various medical procedures involving
intraluminal insertion of catheters or other devices, proper
navigation of the device through body lumens, such as blood
vessels or the heart, is critical to the success of the procedure.
This is especially true with respect to catheterization of the
aorta and coronary sinus. Indeed, unless the tissue targeted for
treatment or diagnosis is properly located, the procedure can
be ineffective or, even worse, damaging. For example, with
respect to treatment of an aortic aneurysm, a stent must be
delivered to a disease-free landing zone adjacent to the aneu-
rysm. In the event the stent is inaccurately placed—due to
disorientation within the lumen or otherwise—a sufficient
seal will not be achieved and the treatment will be ineffective.

[0051] Similarly, in the treatment of ventricular fibrillation
using CRT therapy, an electrical lead must be placed precisely
within the coronary sinus through the ostium of the coronary
sinus (the junction ofthe coronary sinus and the right atrium).
Achieving the proper placement is an exceptionally difficult
procedure, in part because there are various anatomical struc-
tures located within the right atrium that can be easily con-
fused with the coronary sinus (e.g., the fossa ovalis, the cus-
taclanridge, etc.). These particular features of the heart do not
show up well on a fluoroscope, therefore making the proce-
dure quite difficult and time consuming for the clinician.
Nevertheless, the clinician must be able to accurately insert
the catheter into the coronary sinus without perforating the
vessel or causing any trauma to the adjacent structures, all
while the heart is beating. Having a clear map of the coronary
sinus in the form of a lumen profile minimizes the risks
involved with this procedure and drastically reduces the risk
of damaging the surrounding structures. Accordingly, a num-
ber of the embodiments disclosed herein permit a clinician to
readily locate a catheter, or other medical device, within a
body lumen in relation to body lumen junctions or other
anatomical structures within the lumen.

[0052] In addition to being able to properly navigate body
lumens, it is also beneficial to obtain accurate measurements
of the luminal cross-sectional area in a targeted location as
this enables accurate and scientific stent sizing and place-
ment. Obtaining such accurate measurements can improve
clinical outcomes by avoiding under or over deployment and
under or over sizing of a stent which can cause acute closure
or in-stent restenosis. At least one embodiment disclosed
herein allows a clinician to accurately measure the luminal
cross-sectional area of an organ or body lumen. This leads to
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proper localization of a targeted tissue, accurate stent sizing
and placement, and increased favorable outcomes for certain
medical procedures.

[0053] In at least one embodiment, electrical conductance
is measured within the body lumen and a profile of relative
conductance values is displayed, while other embodiments
use conductance data to calculate luminal cross-sectional
areas and display a profile of relative cross-sectional areas
along a portion of the lumen. These profiles enable the clini-
cian to readily locate the targeted tissue for further treatment,
such as for placement of a lead or stent.

[0054] Many of the disclosed embodiments do not calcu-
late an absolute value for a lumen’s cross-sectional area, but
instead measure electrical conductance through a portion of
the lumen to form a profile of the lumen. Often, the profile
comprises relative conductances taken along the lumen.
However, because conductance is proportional to cross-sec-
tional area, as explained herein, the profile can comprise
relative cross-sectional areas that have been determined from
the conductances taken along the lumen.

[0055] By monitoring this profile during catheterization,
the clinician can visualize the anatomical structure of the
lumen. For example, using a push through or a pull back of a
disclosed embodiment of a catheter through a lumen, a clini-
cian is able to localize a junction or other architectural marker
in the body lumen. Such a push through or pull back tech-
nique will reflect, in relative terms, the lumen’s changes in
conductance, and therefore its changes in cross-sectional
area, as the catheter moves, thereby depicting changes in
lumen structure across a distance. Based on such changes in
lumen structure, a clinician can determine the locations of
various anatomical markers of the lumen, as well as the loca-
tion of the catheter in relation to those markers.

[0056] Inoneexample, localization ofthe junction between
an aortic aneurysm and the healthy aortic wall is achieved by
assessing the change in conductance (and therefore in cross-
sectional area) of the lumen as the catheter is pulled through
the aorta and passes the affected tissue. Once a specific lumen
junction or other anatomical structure is localized, the clini-
cian can better treat a targeted tissue at or near that identifying
structure. Such treatment may include, for example and with-
out limitation, angioplasty or stent delivery. Further, because
clinicians can accurately visualize the anatomic structure of
the lumen, a catheter may be inserted into even the smallest
blood vessel with a high degree of accuracy (e.g., the coro-
nary sinus).

[0057] Experiments have demonstrated the ability of the
disclosed embodiments to provide accurate and reliable feed-
back as to the location of a catheter within a body lumen. For
instance, a surgical glove was filled with saline to simulate a
left atrium (the palm) and pulmonary veins (the fingers). A
catheter configured for localization as described herein was
pulled back from inside a finger to the palm, thereby simu-
lating the transition from a pulmonary vein to the atrium. FIG.
1 shows the conductance profile 10 as the catheter was pulled
back from a finger into the palm of the glove, then was pushed
into a finger. As can be seen, the profile shows that the con-
ductance of the palm was significantly larger than the con-
ductance of'the finger, and the transition or demarcation from
the finger to the palm is apparent. Because conductance and
cross-sectional area (“CSA™) are proportional (as discussed
below), conductance profile 10 is proportional to the CSA
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profile (not shown) and distinguishes between the smaller
cross-sectional area of the fingers and the larger cross-sec-
tional area of the palm.

[0058] A similar pullback experiment was carried out in a
heart. Starting from the pulmonary vein, a catheter configured
for localization as described herein was pulled back from the
pulmonary vein into the left atrium and ventricle. FIG. 2
shows a conductance tracing 12 that reflects the conductance
for each region of the body lumen as the catheter is pulled
back over a distance of about 5 cm from a starting point in the
pulmonary vein. The pulmonary vein can be clearly identified
by reference to its relative conductance compared to those of
the left atrium, the mitral valve, and the left ventricle. Indeed,
the atrial CSA is significantly larger than that of the pulmo-
nary vein, and the atrial CSA increases with distance away
from the pulmonary vein-atrial junction. A reduction in CSA
is then observed as the catheter approaches and crosses the
mitral valve. Once the catheter progresses through the mitral
valve into the ventricle, the CSA increases gradually.

[0059] Using conductance data like that shown in FIG. 2, a
clinician can precisely obtain his or her orientation within the
aorta, and thereby localize an aortic aneurysm. For example,
the various points of bifurcation of the aorta can be identified
using the type of conductance data shown in FIG. 2A. Spe-
cifically, in FIG. 2A, where the conductance data begins to
increase, the data indicates that the luminal CSA has
increased, especially when such an increase is drastic.
[0060] A conductance or impedance catheter measures
conductance within a body lumen using a number of elec-
trodes. Referring now to FIG. 3 A, there is shown a conduc-
tance catheter 400 configured to localize a body lumen junc-
tion using conductance measurements. Catheter 400 has a
proximal end 405 and a distal end 410, which is suitable for
introduction into a body lumen. In one embodiment, catheter
400 comprises a thin conductance wire that is capable of
accessing the coronary sinus. In addition, catheter 400
includes a pair of excitation electrodes 415 and a pair of
detection electrodes 420. Each of excitation electrodes 415
and detection electrodes 420 has a proximal end that is
capable of attachment to a processing system (not shown) and
a distal end that is located on catheter 400 between proximal
end 405 and distal end 410. The distal ends of detection
electrodes 420 are located on catheter 400 between the distal
ends of excitation electrodes 415. Excitation electrodes 415
are configured to emit a measured electrical charge into the
body lumen, while detection electrodes 420 detect the amount
of the charge that travels through a fluid within the body
lumen. As explained in more detail below, a processing sys-
tem calculates the change in electrical charge to determine the
conductance through the lumen at any given location in the
lumen.

[0061] As shown in FIG. 3A, electrodes 415 and 420 are
located at distal end 410 of catheter 400. However, the posi-
tioning of the electrodes is not limited to this distal end
portion, but may be anywhere on the catheter that can assistin
providing conductance information to the clinician. Further-
more, multiple sets of electrodes (see FIG. 4F) may also be
used to provide additional information used for mapping the
interior anatomical structure of an internal organ, vessel, or
other body lumen.

[0062] A numberof embodiments disclosed herein, such as
the embodiment shown in FIG. 3A, have at least two detection
electrodes and two excitation electrodes. However, in the
embodiment shown in FIG. 3B, only two electrodes are used.
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Catheter 425 has a proximal end 430 and a distal end 435, as
well as a first electrode 440 and a second electrode 445. Each
of'electrodes 440 and 445 has a proximal end (not shown) and
adistal end located on catheter 425 between proximal end 430
and distal end 435. Because catheter 425 has only two elec-
trodes, each electrode must serve both the excitation function
and the detection function. To enable a single electrode to
send and measure the electrical charge, a delay must be added
to the circuit. Additionally, a bipolar catheter must be station-
ary at the time of measurement, requiring the clinician to
obtain a profile by moving the catheter to a desired location,
stopping and taking a measurement, and then moving the
catheter again. By contrast, tetrapolar catheters may take a
continuous conductance measurement as the catheter is
pulled or pushed through the body lumen, thereby giving a
more detailed profile as compared to bipolar catheters.
[0063] Although at least some embodiments can properly
measure lumen conductance in the presence of a bodily fluid
(such as blood) within the lumen, certain other embodiments
may use fluids injected into the body lumen to properly cal-
culate lumen conductance and/or cross-sectional area, as
explained herein. Therefore, some embodiments include a
channel through which fluid is injected into the body lumen.
In the embodiment shown in FIG. 3C, infusion passageway
490 is configured to permit such injection so that fluid flowing
from passageway 490 will flow at least to the location of the
distal ends of excitation electrodes 470 and detection elec-
trodes 480. Thus, the fluid passing through passageway 490
into the lumen will come in contact with the distal ends of
excitation electrodes 470 and detection electrodes 480.
[0064] Referring now to FIGS. 4A to 4F, several embodi-
ments of catheters are illustrated. With reference to the
embodiment shown in FIG. 4A, there is shown an impedance
catheter 22 with four electrodes 25, 26, 27, and 28 placed
close to distal end 19 of the catheter. Electrodes 25 and 27 are
excitation electrodes, while electrodes 26 and 28 are detec-
tion electrodes, thereby permitting measurement of conduc-
tance (and therefore calculation of cross-sectional area) dur-
ing advancement of the catheter, as described in further detail
below.

[0065] In addition, catheter 22 possesses an optional infu-
sion passageway 35 located proximal to excitation electrode
25, as well as optional ports 36 for suction of contents of the
body lumen or for infusion of fluid. The fluid to inject through
passageway 35 or ports 36 can be any biologically compatible
fluid, but, for some circumstances disclosed herein, the con-
ductivity of the fluid is selected to be different from that of
blood.

[0066] In various embodiments, including for example the
embodiment shown in FIG. 4A, the catheter contains a chan-
nel 31 for insertion of a guide wire to stiffen the flexible
catheter during insertion or data recording. Additionally,
channel 31 may be used to inject fluid solutions of various
concentrations (and various conductivities) into the body
lumen of interest. An additional channel 32 may be connected
to the catheter such that the electrical wires connected to the
one or more electrodes on the catheter are directed through
channel 32 and to a data processor, such as data processor
system 100 (see FIG. 6), through an adaptor interface 33, such
as an impedance module plug or the like, as described in more
detail below.

[0067] In addition to localization, some embodiments dis-
closed herein provide other functionality. FIGS. 4B-4F show
a number of embodiments of conductance catheters having
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various functions. For example, several such embodiments
include an angioplasty balloon, in addition to impedance
electrodes (see, e.g., FIG. 4B). Such catheters may include
electrodes for accurate detection of organ luminal cross-sec-
tional area and ports for pressure gradient measurements.
Hence, when using such catheters, it is not necessary to
change catheters during the procedure, as with the current use
of intravascular ultrasound. In at least one embodiment, the
catheter can provide direct measurement of the non-stenosed
area of the lumen, thereby allowing the selection of an appro-
priately sized stent for implantation.

[0068] With reference to the embodiment shown in FIG.
4B, four wires are threaded through one of the two lumens of
catheter 20 (a 4 Fr. catheter). Catheter 20 has a proximal end
and a distal end 19, as well as excitation electrodes 25, 27 and
detection electrodes 26, 28 placed at or near distal end 19.
Proximal to these electrodes is an angioplasty or stenting
balloon 30 capable of being used to treat stenosis. The dis-
tance between the balloon and the electrodes is usually small,
in the 0.5 mm to 2 cm range, but can be closer or farther away,
depending on the particular application or treatment involved.
The portion of catheter 20 within balloon 30 includes an
infusion passageway 35 and a pressure port 36.

[0069] Detection electrodes 26 and 28 are spaced 1 mm
apart, while excitation electrodes 25 and 27 are spaced 4 mm
to 5 mm from either side of the detection electrodes. The
excitation and detection electrodes typically surround the
catheter as ring electrodes, but they may also be point elec-
trodes or have other suitable configurations. These electrodes
may be made of any conductive material, such as platinum
iridium or a material with a carbon-coated surface to avoid
fibrin deposits. In at least one embodiment, the detection
electrodes are spaced with 0.5 mm to 1 mm between them and
with a distance of between 4 mm and 7 mm to the excitation
electrodes on small catheters. On large catheters, for use in
larger vessels and other larger body lumens, the electrode
distances may be larger. The dimensions of the catheter
selected for a treatment depend on the size of the vessel or
other body lumen and are preferably determined in part on the
results of finite element analysis.

[0070] Inone approach, dimensions ofa catheter to be used
for any given application depend on the optimization of the
potential field using finite element analysis described below.
For small organs or in pediatric patients, the diameter of the
catheter may be as small as 0.3 mm. In large organs, the
diameter may be significantly larger depending on the results
of the optimization based on finite element analysis. The
balloon will typically be sized according to the preferred
dimension of the organ after the distension. The balloon may
be made of materials suitable for the function, such as, for
example, polyethylene, latex, polyestherurethane, or combi-
nations thereof. In at least one embodiment, the balloon com-
prises a thickness of a few microns. The catheter may com-
prise PVC or polyethylene material, although other materials
may be used equally well. The tip of the catheter can be
straight, curved, or angled to facilitate insertion into the coro-
nary arteries or other body lumens, such as, for example, the
biliary tract.

[0071] Referring again to FIG. 4B, catheter 20 may also
include several miniature pressure transducers (not shown)
carried by the catheter or pressure ports for determining the
pressure gradient proximal to the site where the conductance
is measured. The pressure is preferably measured inside the
balloon and proximal to, distal to, and at the location of the
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conductance measurement, and locations proximal and distal
thereto, thereby enabling the measurement of pressure
recordings at the site of stenosis and also the measurement of
pressure-difference along or near the stenosis. In one embodi-
ment, shown in FIG. 4B, catheter 20 includes pressure port 90
and pressure port 91 proximal to or at the site of the conduc-
tance measurement for evaluation of pressure gradients. As
described below with reference to FIGS. 5A, 5B, and 6, in at
least one embodiment, the pressure ports are connected by
respective conduits in catheter 20 to pressure sensors in the
data processor system 100 (see FIG. 6). Such pressure sensors
are well known in the art and include, for example, fiber-optic
systems, miniature strain gauges, and perfused low-compli-
ance manometry.

[0072] In at least one embodiment, a fluid-filled silastic
pressure-monitoring catheter is connected to a pressure trans-
ducer. Luminal pressure can be monitored by a low compli-
ance external pressure transducer coupled to the infusion
channel of the catheter. Pressure transducer calibration was
carried out by applying 0 and 100 mmHg of pressure by
means of a hydrostatic column.

[0073] In another embodiment, shown in FIG. 4C, a cath-
eter 39 includes another set of excitation electrodes 40, 41 and
detection electrodes 42, 43 located inside the angioplastic or
stenting balloon 30 for accurate determination of the balloon
cross-sectional area during angioplasty or stent deployment.
These electrodes are in addition to electrodes 25, 26, 27, and
28.

[0074] In various embodiments, the conductance may be
measured using a two-electrode system (see FIG. 4D). In
other embodiments, such as illustrated in FIG. 4F, the con-
ductances at several locations can be measured at the same
time using an array of five or more electrodes. Here, excita-
tion electrodes 51, 52 are used to generate the current while
detection electrodes 53, 54, 55, 56, and 57 are used to detect
the current at their respective sites.

[0075] Inanother embodiment, shown in FIG. 4D, catheter
21 has one or more imaging or recording devices, such as, for
example, ultrasound transducers 50 for cross-sectional area
and wall thickness measurements. As shown, transducers 50
are located near distal end 19 of catheter 21.

[0076] With reference to the embodiment shown in FIG.
4E, electrodes 25, 26, 27, and 28 are built onto a wire 18, such
as, for example, a pressure wire, and inserted through a guide
catheter 23, where the infusion of a bolus can be made
through the lumen of the guide catheter. Adaptor interface 33
may beused to house and guide the electrical wires (including
proximal portions of the excitation and detection electrodes)
to adata processor system 100, while a side channel 34 is used
to inject various fluids into catheter 23. In yet another embodi-
ment (not illustrated), the catheter includes a sensor for mea-
surement of the flow of fluid in the body lumen.

[0077] Many of the embodiments described herein may be
used as part of a system, which includes suitable connections
between the system’s various parts. As described below with
reference to FIGS. 5A, 5B, and 6, the excitation and detection
electrodes are electrically connected to electrically conduc-
tive leads in the catheter for connecting the electrodes to the
data processor system 100.

[0078] FIGS. 5A and 5B illustrate cross-sectional views of
two embodiments 20A and 20B of a catheter such as catheter
20 shown in FIG. 4B. Each embodiment has a lumen 60 for
inflating and deflating the balloon and a lumen 61 for suction
and infusion. The sizes of these lumens can vary. The elec-
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trode leads 70 A are embedded in the material of the catheter
in the embodiment shown in FIG. 5A, whereas the electrode
leads 70B are tunneled through a lumen 71 formed within the
body of catheter 20B shown in FIG. 5B.

[0079] Pressure conduits for perfusion manometry connect
pressure ports 90, 91 to transducers included in the data
processor system 100. As shown in FIG. 5A, pressure con-
duits 95A may be formed in catheter 20A. In another embodi-
ment, shown in FIG. 5B, pressure conduits 95B constitute
individual conduits within a tunnel 96 formed in catheter
20B. In the embodiments described above where miniature
pressure transducers are carried by the catheter, electrical
conductors may be substituted for these pressure conduits.
[0080] With reference to FIG. 6, in at least some embodi-
ments, catheter 20 connects to a data processor system 100, to
a manual or automatic system 105 for distension of the bal-
loon, and to a system 106 for infusion of fluid or suction of
blood or other bodily fluid. The fluid for infusion may be
heated with heating unit 107 to between 37° C. and 39° C. or
to body temperature. The impedance planimetry system typi-
cally includes a constant current unit, amplifiers, and signal
conditioners, but variations are possible. The pressure system
typically includes amplifiers and signal conditioners. The
system can optionally contain signal conditioning equipment
for recording of fluid flow in the body lumen.

[0081] In at least one embodiment, the system is pre-cali-
brated and a catheter is available in a package. The package
also may contain sterile syringes with fluids to be injected.
The syringes are attached to the machine, and after heating of
the fluid by the machine and placement of the catheter in the
body lumen of interest, the user presses a button that initiates
the injection with subsequent computation of the desired
parameters. The CSA, parallel conductance, and/or other rel-
evant measures, such as distensibility, tension, etc., will typi-
cally appear on the display panel in the PC module 160. The
user can then treat the aortic aneurysm by placement of a
stent.

[0082] Ifmore than one CSA is measured at the same time,
the system can contain a multiplexer unit or a switch between
CSA channels. In at least one embodiment, each CSA mea-
surement or pressure measurement will be through separate
amplifier units.

[0083] Inatleastone embodiment, the impedance and pres-
sure data are analog signals which are converted by analog-
to-digital converters 150 and transmitted to a computer 160
for on-line display, on-line analysis, and storage. In other
embodiments, all data handling is done on an entirely analog
basis.

[0084] The processor system includes software programs
for analyzing the conductance data. Additional software cal-
culates cross-sectional areas based on a number of categories
of data, as disclosed herein. However, as discussed in more
detail below, to calculate for absolute cross-sectional values,
certain errors must be reduced or eliminated. The software
can be used to reduce the error in CSA values due to conduc-
tance of current in the lumen wall and surrounding tissue and
to display the two-dimensional or three-dimensional geom-
etry of the CSA distribution along the length of the vessel
(and, optionally, along with the pressure gradient). In one
embodiment of the software, a finite element approach or a
finite difference approach is used to derive the CSA of organ
stenosis, taking parameters such as conductivities of the fluid
in the lumen and of the lumen wall and surrounding tissue into
consideration.
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[0085] In another embodiment, simpler circuits are used.
As explained herein, absolute cross-sectional values may be
calculated based on two or more injections of different NaCl
solutions, which varies the conductivity of fluid in the lumen.
In other embodiments, the software contains the code for
reducing the error in luminal CSA measurement by analyzing
signals during interventions, such as infusion of a fluid into
the lumen or by changing the amplitude or frequency of the
current from the current amplifier. The software chosen for a
particular application may allow for computation of the CSA
with only a small error instantly or within acceptable time
during the medical procedure.

[0086] Referring now to FIG. 4A, catheter 22 measures
conductance in the body lumen by detecting the change in
voltage between detection electrodes 26, 28, as shown by the
following equation:

avo L [la]
T C-CsA
[0087] Thus, the change in voltage, AV, is equal to the

magnitude of the current, I, multiplied by the distance
between the detection electrodes, L., divided by the conduc-
tivity of the fluid in the lumen, C, and divided by the cross-
sectional area, CSA. Because the current (1), the distance (L),
and the conductivity (C) normally can be regarded as calibra-
tion constants during a localization procedure, an inversely
proportional relationship exists between the voltage differ-
ence and the CSA, as shown by the following equation:

1 [1b]

In other words, as the cross-sectional area of the lumen
decreases, the change in voltage measured by catheter 22
increases. As discussed earlier, conductance and cross-sec-
tional area are proportional. Thus, this equation permits the
relative conductances or cross-sectional areas of various
intralumen anatomical structures to be determined from mea-
surement of the change in voltage across the lumen using at
least one excitation electrode and one detection electrode.

[0088] This measurement, however, does not produce
accurate, or absolute, values of conductance or CSA because
the wall of the lumen and surrounding tissue effectuate a loss
of current. Further, when the impedance electrode encounters
a bifurcation, the measured conductance over estimates the
segment area. This error is related to the dimension of the
bifurcation and the angle of the branch, with an angle of 90°
resulting in the largest error. As shown in FIG. 2B, the ampli-
tude of the conductance is related to the size of the aortic
branches; for example, the conductance spike (increase in
conductance) resulting from the thoracic branches is smaller
than the conductance spike formed when the catheter is pulled
past the abdominal branches. Although relying on the relative
conductances or CSAs is sufficient for the localization of
intraluminal structures, other embodiments for other pur-
poses may require the accurate determination of absolute
values for CSAs.
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[0089] At least some of the disclosed embodiments over-
come the problems associated with determination of the size
(cross-sectional area) of luminal organs, such as, for example,
in the coronary arteries, carotid, femoral, renal and iliac arter-
ies, aorta, gastrointestinal tract, urethra, and ureter. In addi-
tion, at least some embodiments also provide methods for
registration of acute changes in wall conductance, such as, for
example, due to edema or acute damage to the tissue, and for
detection of muscle spasms/contractions.

[0090] Theoperation of catheter 20, shown in FIG. 4B, is as
follows: for electrodes 25, 26, 27, 28, conductance of current
flow through the organ lumen and organ wall and surrounding
tissue is parallel; i.e.,

_ CSA(z, DGy [2a]

Gz, 1) T +Gpl(z, 1)

where G, (z.t) is the effective conductance of the structure
outside the bodily fluid (organ wall and surrounding tissue);
C, is the specific electrical conductivity of the bodily fluid,
which for blood generally depends on the temperature, hema-
tocrit, and orientation and deformation of blood cells; and L is
the distance between the detection electrodes. This equation
shows that conductance, G(z,t), is proportional to the cross-
sectional area, CSA (zt). Thus, a larger conductance will
reflect a larger cross-sectional area, and vice versa.

[0091] Equation [2a] can be rearranged to solve for cross-
sectional area CSA(zt), with a correction factor, a, if the
electric field is non-homogeneous, as

L [2b]
CSAG 0 = T [G(z, D= Gplz, 1]

where o would be equal to 1 if the field were completely
homogeneous. The parallel conductance, G, is an offset error
that results from current leakage. G, would equal O ifall of the
current were confined to the blood and hence would corre-
spond to the cylindrical model given by Equation [1a]. In one
approach, finite element analysis is used to properly design
the spacing between detection and excitation electrodes rela-
tive to the dimensions of the body lumen to provide a nearly
homogenous field such that cc can be considered equal to 1.
Simulations show that a homogenous or substantially homog-
enous field is provided by (1) the placement of detection
electrodes substantially equidistant from the excitation elec-
trodes and (2) maintaining the distance between the detection
and excitation electrodes substantially comparable to the
body lumen diameter. In one approach, a homogeneous field
is achieved by taking steps (1) and/or (2) described above so
that a equals 1 in the foregoing analysis.

[0092] G, is a constant at any given position, z, along the
long axis of a body lumen, and at any given time, t, in the
cardiac cycle. Hence, two injections of different concentra-
tions (and therefore conductivities) of NaCl solution give rise
to two equations:

CCSAZ LG (z.0=L-Gy(z,1) 3]

CyCSA(Z LG (z.0)=L Gz, 1) [4]
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which can be solved simultaneously for CSA and G, as

_ G2z, 0 - Gi(z, 1] [5]
CSA(z, 1= L
GGz, D= C1-Ga(z, 1)] [6]
Gl n= [C:-Ci]

where subscript “1” and subscript “2” designate any two
injections of different NaCl concentrations (and conductivi-
ties). For each injection k, C, gives rise to G, which is mea-
sured as the ratio of the root mean square of the current
divided by the root mean square of the voltage. The C, is
typically determined through in vitro calibration for the vari-
ous NaCl concentrations. The concentration of NaCl used is
typically on the order of 0.45% to 1.8%. The volume of NaCl
solution is typically about 5 ml, but the amount of solution
should be sufficient to momentarily displace the entire local
vascular blood volume or other body lumen fluid. The values
of CSA() and G,(t) can be determined at end-diastole or
end-systole (i.e., the minimum and maximum values) or the
mean thereof. The value of CSA would vary through the
cardiac cycle, but G,(t) does not vary significantly.

[0093] Once the CSA and G,, of the body lumen are deter-
mined according to the above embodiment, rearrangement of
Equation [2a] allows the calculation of the specific electrical
conductivity of bodily fluid in the presence of fluid flow as

7

Cy [G(z, )= Gplz, 1)

B L
T CSAG, D

In this way, Equation [2b] can be used to calculate the CSA
continuously (temporal variation, as for example through the
cardiac cycle) in the presence of bodily fluid.

[0094] In one approach, a pull or push through is used to
reconstruct the body lumen CSA along its length. During a
long injection of solution (e.g., 10 s to 15 s), the catheter can
be pulled back or pushed forward at constant velocity U.
Equation [2a] can be expressed as

CSA(U 1,1 = Ci[G(U 1, 0)=Gp(U -1, 0]
b

where the axial position, z, is the product of catheter velocity,
U, and time, t;i.e., z=U"t.

[0095] For the two injections, denoted by subscript “1”* and
subscript “2”, respectively, different time points T, T,, etc.
may be considered such that Equation [8] can be written as

L [9a]
CSA (U Ty, 1= C—I[GI(U-TI, =G (U-Ty,1)]
L [9b]
CSAL(U Ty, 1= C—Z[GZ(U-TI, 0= Gp(U-Ty, 1]
and
[10a]

L
CsA(U -T2, 1) = C_I[GI(U'TZa 0= Gp(U-Tp, 1]
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-continued

L [10b]
CSA(U Ty, 1) = C—Z[Gz(U-Tz, 0=GpU- T, 1)]

and so on. Each set of Equations [9a], [9b] and [10a], [10b],
etc., can be solved for CSA,pl and CSA,, G,,,, respectively.
Hence, one can measure the CS A at various time intervals and
therefore at different positions along the body lumen to recon-
struct the length of the lumen. In at least one embodiment, the
data on the CSA and parallel conductance as a function of
longitudinal position along the body lumen can be exported
from an electronic spreadsheet, such as, for example, a
Microsoft Excel file, to diagramming software, such as
AutoCAD®, where the software uses the coordinates to ren-
der a three-dimensional depiction of the lumen on the moni-
tor.

[0096] For example, in one approach, the pull back recon-
struction was made during a long injection where the catheter
was pulled back at constant rate by hand. The catheter was
marked along its length such that the pull back was made at 2
mm/sec. Hence, during a 10-second injection, the catheter
was pulled back about 2 cm. The data was continuously
measured and analyzed at every two second interval; i.e., at
every 4 mm. Thus, six different measurements of CSA and G,
were taken which were used to reconstruct the CSA and G,
along the length of the 2 cm segment.

[0097] In an additional embodiment, the wall thickness is
determined from the parallel conductance for those body
lumens that are surrounded by air or non-conducting tissue. In
such cases, the parallel conductance is equal to

CSA,,-C,, [11a]
Op=—7—

where CSA, is the CSA of the lumen wall and C; is the
electrical conductivity of the wall. This equation can be
solved for CSA; as

csa, - G, L [11b]
Cy
[0098] For a cylindrical body lumen, the wall thickness, h,

can be expressed as

CSA,, [12]

h=
7D

where D is the diameter of the lumen, which can be deter-
mined from the circular

CSA(D=/4CSA/n]"?)

[0099] When the CSA, pressure, wall thickness, and flow
data are determined according to the embodiments outlined
above, it is possible to compute the compliance (e.g., ACSA/
AAP), tension (e.g., P*r, where P and r are the intraluminal
pressure and radius of a cylindrical lumen), stress (e.g., P*r/h,
where h is the wall thickness of the cylindrical organ), strain
(e.g., (C-C,)/C where C is the inner circumference and C ,; is

Jan. 14, 2010

the circumference in diastole), and wall shear stress (e.g., 4
nQ/r* where, 1, Q, and r are the fluid viscosity, flow rate, and
radius of the cylindrical lumen for a fully developed flow).
These quantities can be used in assessing the mechanical
characteristics of the system in health and disease.

[0100] In at least one approach for localization or measur-
ing the conductance (and determining the cross-sectional
area) of a body lumen, a catheter is introduced from an exte-
riorly accessible opening (for example, the mouth, nose, or
anus for GI applications, or the mouth or nose for airway
applications) into the targeted body lumen. For cardiovascu-
lar applications, the catheter can be inserted into the lumens in
various ways, such as, for example, those used in conven-
tional angioplasty. In at least one embodiment, an 18 gauge
needle is inserted into the femoral artery followed by an
introducer. A guide wire is then inserted into the introducer
and advanced into the lumen of the femoral artery. A 4 or 5 Fr.
conductance catheter is then inserted into the femoral artery
via wire, and the wire is subsequently retracted. The catheter
tip containing the conductance electrodes can then be
advanced to the region of interest by use of x-ray (e.g., fluo-
roscopy). In another approach, this methodology is used on
small to medium size vessels (e.g., femoral, coronary, carotid,
iliac arteries).

[0101] In at least one example of a clinical application,
obtaining an accurate measurement (within acceptable limits)
of the luminal cross-sectional area of an aortic aneurysm
enables accurate and scientific stent sizing and placement.
Proper stent implantation improves clinical outcomes by
avoiding under or over deployment and under or over sizing
of a stent, which can cause acute closure or in-stent re-steno-
sis. In at least one embodiment, an angioplasty or stent bal-
loon includes impedance electrodes supported by the catheter
in front of the balloon. As described herein, these electrodes
enable the immediate, or real-time determination of the cross-
sectional area of the vessel during the balloon advancement.
This provides a direct measurement of non-stenosed area and
allows for the appropriate stent size to be selected. In one
approach, impedance electrodes are located in the center of
the balloon in order to deploy the stent to the desired cross-
sectional area. Such embodiments and procedures substan-
tially improve the accuracy of stenting and the outcome of
such stenting, as well as reduce overall costs.

[0102] In another embodiment, error due to the loss of
current in the wall of the organ and surrounding tissue is
corrected by injection of two solutions of NaCl or other
solutions with known conductivities. In one approach, a mini-
mum of two injections with different concentrations of NaCl
(and, therefore, different conductivities) are required to solve
for the two unknowns, CSA and G,. However, in other
embodiments disclosed herein, only relative values for con-
ductance or cross-sectional area are necessary, so the injec-
tion of two solutions is not necessary. In another approach,
three injections will yield three sets of values for CSA and G,,
(although not necessarily linearly independent), while four
injections would yield six sets of values. In one approach, at
least two solutions (e.g., 0.5% and 1.5% NaCi solutions) are
injected in the targeted vessel or other lumen. Studies indicate
that an infusion rate of approximately 1 ml/s for a five second
interval is sufficient to displace the blood volume and results
in a local pressure increase of less than 10 mmHg in the
coronary artery. This pressure change depends on the injec-
tion rate which should be comparable to the lumen flow rate.
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[0103] Inatleastone approach, involving the application of
Equations [5] and [6], the vessel is under identical or very
similar conditions during the two injections. Hence, some
variables, such as the infusion rate, bolus temperature, etc.,
are similar for the two injections. Typically, a short time
interval is to be allowed (1 to 2 minute period) between the
two injections to permit the vessel to return to homeostatic
state. This can be determined from the baseline conductance
as shown in FIGS. 7A, 7B, 8A, or 8B. The parallel conduc-
tance is preferably the same or very similar during the two
injections. Dextran, albumin, or another large molecular
weight molecule may be added to the NaCl solutions to main-
tain the colloid osmotic pressure of the solution to reduce or
prevent fluid or ion exchange through the vessel wall.
[0104] In yet another embodiment, the NaCl solution is
heated to body temperature prior to injection since the con-
ductivity of current is temperature dependent. Alternatively,
the injected bolus is at room temperature, but a mathematical
temperature correction is made since the conductivity is
related to temperature in a linear fashion.

[0105] Inone approach, a sheath is inserted through either
the femoral artery or the carotid artery in the direction of flow.
To access the lower anterior descending (“LAD”) artery, the
sheath is inserted through the ascending aorta. For the carotid
artery, where the diameter is typically on the order of 5 mm to
5.5 mm, a catheter having a diameter of 1.9 mm can be used,
as determined from finite element analysis, discussed further
below. For the femoral and coronary arteries, where the diam-
eter is typically in the range from 3.5 mm to 4 mm, so a
catheter of about 0.8 mm diameter would be appropriate. The
catheter can be inserted into the femoral, carotid, or LAD
artery through a sheath appropriate for the particular treat-
ment. Measurements for all three vessels can be made simi-
larly.

[0106] Atleast one clinical application of the embodiments
of the systems and methods disclosed herein relates to the
delivery of pacing leads used in CRT, and, in particular, the
delivery of a coronary sinus lead. When CRT is employed, it
is necessary to advance a lead into the coronary sinus and
coronary veins branching therefrom in order to position the
electrode(s) adjacent to the left ventricle of the heart. During
delivery, the distal end of the coronary lead is advanced
through the superior vena cava, the right atrium, the valve of
the coronary sinus, the coronary sinus, and may be further
advanced into a coronary vein communicating with the coro-
nary sinus, such as the great cardiac vein. Routing a lead
along the desired path to implant the electrode in the desired
implantation site can be difficult. This is particularly true with
respect to steering leads through the coronary sinus and into
a branching vein on the left myocardium (posterior lateral
branch). The relatively small diameter of the coronary veins
of the heart, the various anomalies typical in vascular
anatomy, and the number of branch veins associated with the
anatomy make locating the desired path challenging. Using
the catheters and systems disclosed herein, it is possible to
obtain precise measurements of the coronary sinus and
related branching blood vessels, to facilitate the navigation of
such difficult areas. In other words, the catheters and systems
disclosed herein can obtain an accurate profile of the coronary
venous system, including accurate identification of bifurca-
tions along the length of the coronary sinus.

[0107] In at least one embodiment, a conductance catheter
comprising a thin wire may be employed for delivering a lead
into the coronary sinus or a bifurcation branching therefrom.
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In this embodiment, the conductance wire can be pulled
through the coronary sinus and used to create a conductance
profile thereof. In this manner, a clinician can accurately
identify—with a high degree of specificity—the various
bifurcations branching from the coronary sinus. The clinician
can identify the bifurcation of interest and thereafter steer the
conductance wire therein. Once the wire is positioned within
the bifurcation, the lead can be inserted over the wire and
placed within the desired bifurcation. This application can be
conducted using the larger conductance catheters described
herein as well; however, the relatively small diameter of a
conductance catheter comprising a wire facilitates navigation
through the narrow bifurcations branching from the coronary
sinus.

[0108] Described herein are the protocol and results for one
approach that are generally applicable to most arterial ves-
sels. The conductance catheter was inserted through the
sheath for a particular vessel of interest. A baseline reading of
voltage was continuously recorded. Two containers contain-
ing 0.5% and 1.5% NaCl were placed in temperature bath and
maintained at 37° C. A 5 ml to 10 ml injection of 1.5% NaCl
was made over a 5 second interval. The detection voltage was
continuously recorded over a 10 second interval during the 5
second injection. Several minutes later, a similar volume of
1.5% NaCl solution was injected at a similar rate. The data
was again recorded. Matlab® was used to analyze the data
including filtering with high pass and with low cut off fre-
quency (1200 Hz). The data was displayed using Matlab®,
and the mean of the voltage signal during the passage of each
respective solution was recorded. The corresponding currents
were also measured to yield the conductance (G=I/V). The
conductivity of each solution was calibrated with six different
tubes of known CSA at body temperature. A model using
Equation [1a] was fitted to the data to calculate conductivity
C. The analysis was carried out with SPSS statistical software
using the non-linear regression fit. Given C and G for each of
the two injections, an Excel spreadsheet file was formatted to
calculate the CSA and G,, as per equations [5] and [6], respec-
tively. These measurements were repeated several times to
determine the reproducibility of the technique. The reproduc-
ibility of the data was within 5%. Ultrasound was used to
measure the diameter of the vessel simultaneous with our
conductance measurements. The detection electrodes were
visualized with ultrasound, and the diameter measurements
was made at the center of the detection electrodes. The maxi-
mum differences between the conductance and ultrasound
measurements were within 10%.

[0109] FIGS. 7A, 7B, 8A, and 8B illustrate voltage mea-
surements in the blood stream in the left carotid artery. Here,
the data acquisition had a sampling frequency of 75 KHz,
with two channels—the current injected and the detected
voltage, respectively. The current injected has a frequency of
5 KHz, so the voltage detected, modulated in amplitude by the
impedance changing through the bolus injection, will have a
spectrum in the vicinity of 5 KHz.

[0110] With reference to FIG. 7A there is shown a signal
processed with a high pass filter with low cut off frequency
(1200 Hz). The top and bottom portions 200, 202 show the
peak-to-peak envelope detected voltage which is displayed in
FIG. 7B. The initial 7 seconds correspond to the baseline; i.e.,
electrodes inthe blood stream. The next 7 seconds correspond
to an injection of hyper-osmotic NaCl solution (1.5% NACI).
It can be seen that the voltage is decreased, implying
increased conductance (since the injected current is con-
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stant). Once the NaCl solution is washed out, the baseline is
recovered as shown in FIGS. 7A and 7B. FIGS. 8A and 8B
show similar data corresponding to 0.5% NaCl solutions.
[0111] The voltage signals are ideal since the difference
between the baseline and the injected solution is apparent and
systematic. Furthermore, the pulsation of vessel diameter can
be seen in the 0.5% and 1.5% NaCl injections (FIGS. 7A, 7B
and 8A, 8B, respectively). This allows determination of the
variation of CSA throughout the cardiac cycle as outline
above.

[0112] The NaCl solution can be injected by hand or by
using a mechanical injector to momentarily displace the
entire volume of blood or bodily fluid in the lumen segment of
interest. For example, in a blood vessel, the pressure gener-
ated by the injection will not only displace the blood in the
antegrade direction (in the direction of blood flow) but also in
the retrograde direction (by momentarily pushing the blood
backwards). In other visceral organs which may be normally
collapsed, the NaCl solution will not displace blood as in the
vessels but will merely open the organs and create a flow of
the fluid. In one approach, after injection of a first solution
into the treatment or measurement site, sensors monitor and
confirm baseline of conductance priorto injection of a second
solution into the treatment site.

[0113] The injections described above are preferably
repeated at least once to reduce errors associated with the
administration of the injections, such as, for example, where
the injection does not completely displace the blood or where
there is significant mixing with blood. As previously noted,
any bifurcation(s) (with branching angle near 90°) near the
targeted lumen can cause an overestimation of the calculated
CSA, thereby resulting in a conductance spike (see FIG. 2B).
Hence, generally the catheter should be slightly retracted or
advanced and the measurement repeated. An additional appli-
cation with multiple detection electrodes or a pull back or
push forward during injection will accomplish the same goal.
Here, an array of detection electrodes can be used to minimize
or eliminate errors that would result from bifurcations or
branching in the measurement or treatment site.

[0114] In at least one embodiment, conductance spikes
when present can be eliminated or smoothed out through a
number or computational processing means, including, with-
out limitation, threshold limits, gradient, interpolation, and
smoothing algorithms. Threshold limits can be programmed
to ignore readings for points where the cross-sectional area is
greater than a preset number. Threshold limits are convenient
to program; however, using solely threshold limits will not
allow for differentiation between bifurcations caused by
luminal branches and those caused by conditions such as
aneurysms. Accordingly, consideration of the gradient
(slope) where a conductance spike would correspond to a
large, or possibly infinite, gradient. This criterion can be used
in conjunction with a smoothing algorithm (e.g., linear inter-
polation or cubic spline) to distinguish a bifurcation from a
pathological condition. Now referring to FIG. 2C, the data of
FIG. 2B is shown after the conductance spikes have been
eliminated using at least one computational processing
means. Similar profiles can be generated for the coronary
sinus and, as such, the effective and convenient navigation
thereof can be achieved. The width of the conductance spike
(not shown) can represent the approximate size (or diameter)
of the bifurcation.

[0115] Inan alternative approach, error due to the eccentric
position of the electrode or other imaging device can be
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reduced by inflation of a balloon on the catheter. The inflation
of the balloon during measurement will place the electrodes
or other imaging device in the center of the vessel away from
the wall. In the case of impedance electrodes, the inflation of
the balloon can be synchronized with the injection of a bolus
such that the balloon inflation would immediately precede the
bolus injection. Our results, however, show that the error due
to catheter eccentricity is small.

[0116] The CSA predicted by Equation [5] corresponds to
the area of the vessel or other lumen external to the catheter
(i.e., CSA of vessel minus CSA of catheter). If the conduc-
tivity of the NaCl solutions is determined by calibration from
Equation [la] with various tubes of known CSA, then the
calibration accounts for the dimension of the catheter and the
calculated CSA corresponds to that of the total vessel lumen.
In at least one embodiment, the calibration of the CSA mea-
surement system will be performed at 37° C. by applying 100
mmHg in a solid polyphenolenoxide block with holes of
known CSA ranging from 7.065 mm? (3 mm in diameter) to
1017 mm? (36 mm in diameter). However, if the conductivity
of the solutions is obtained from a conductivity meter inde-
pendent of the catheter, then the CSA of the catheter is gen-
erally added to the CSA computed from Equation [5] to give
the total CSA of the vessel.

[0117] The signals are generally non-stationary, nonlinear,
and stochastic. To deal with non-stationary stochastic func-
tions, one can use a number of methods, such as the Spectro-
gram, the Wavelet’s analysis, the Wigner-Ville distribution,
the Evolutionary Spectrum, Modal analysis, or the intrinsic
model function (“IMF”’) method. The mean or peak-to-peak
values can be systematically determined by the aforemen-
tioned signal analysis and used in Equation [5] to compute the
CSA.

[0118] For the determination of conductance or cross-sec-
tional area of a heart valve, it is generally not feasible to
displace the entire volume of the heart. Hence, the conduc-
tivity of the blood is transiently changed by injection of a
hypertonic NaCl solution into the pulmonary artery. If the
measured total conductance is plotted versus blood conduc-
tivity on a graph, the extrapolated conductance at zero con-
ductivity corresponds to the parallel conductance. In order to
ensure that the two inner electrodes are positioned in the plane
of'the valve annulus (2 mm to 3 mm), in one embodiment, two
pressure sensors 36 are placed immediately proximal and
distal to (1 mm to 2 mm above and below, respectively) the
detection electrodes or sets of detection electrodes (see, e.g.,
FIGS. 4A and 4F). The pressure readings will then indicate
the position of the detection electrode relative to the desired
site of measurement (aortic valve: aortic-ventricular pressure;
mitral valve: left ventricular-atrial pressure; tricuspid valve:
right atrial-ventricular pressure; pulmonary valve: right ven-
tricular-pulmonary pressure). The parallel conductance at the
site of annulus is generally expected to be small since the
annulus consists primarily of collagen, which has low elec-
trical conductivity. In another application, a pull back or push
forward through the heart chamber will show different con-
ductance due to the change in geometry and parallel conduc-
tance. This can be established for normal patients, which can
then be used to diagnose valvular stenosis.

[0119] In one approach, for the esophagus or the urethra,
the procedures can conveniently be done by swallowing fluids
of known conductivities into the esophagus and infusion of
fluids of known conductances into the urinary bladder fol-
lowed by voiding the volume. In another approach, fluids can
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be swallowed or urine voided followed by measurement of
the fluid conductivities from samples of the fluid. The latter
method can be applied to the ureter where a catheter can be
advanced up into the ureter and fluids can be injected from a
proximal port on the probe (will also be applicable in the
intestines) or urine production can be increased and samples
taken distal in the ureter during passage of the bolus or from
the urinary bladder.

[0120] In one approach, concomitant with measuring the
conductance, cross-sectional area, and/or pressure gradient at
the treatment or measurement site, a mechanical stimulus is
introduced by way of inflating the balloon or by releasing a
stent from the catheter, thereby facilitating flow through the
stenosed part of the lumen.

[0121] In another approach, concomitant with measuring
the conductance, cross-sectional area, and/or pressure gradi-
ent at the treatment site, one or more pharmaceutical sub-
stances for diagnosis or treatment of stenosis is injected into
the treatment site. For example, in one approach, the injected
substance can be a smooth muscle agonist or antagonist. In
yet another approach, concomitant with measuring the con-
ductance, cross-sectional area, and/or pressure gradient at the
treatment site, an inflating fluid is released into the treatment
site for release of any stenosis or materials causing stenosis in
the lumen or treatment site.

[0122] Again, it will be noted that the methods, systems,
and catheters described herein can be applied to any body
lumen or treatment site. For example, the methods, systems,
and catheters described herein can be applied to any one of the
following hollow bodily systems: the cardiovascular system
including the heart; the digestive system; the respiratory sys-
tem; the reproductive system; and the urogenital tract.
[0123] Finite Element Analysis: In one preferred approach,
finite element analysis (“FEA”) is used to verify the validity
of Equations [5] and [6]. There are two major considerations
for the model definition: geometry and electrical properties.
The general equation governing the electric scalar potential
distribution, V, is given by Poisson’s equation as:

V-(CVP)=—1 [13]

[0124] where C, [ and V are the conductivity, the driving
current density, and the del operator, respectively. Femlab or
any standard finite element package can be used to compute
the nodal voltages using Equation [13]. Once V has been
determined, the electric field can be obtained from E=-VV.
[0125] The FEA allows for the determination of the nature
of'the field and its alteration in response to different electrode
distances, distances between driving electrodes, wall thick-
nesses, and wall conductivities. The percentage of total cur-
rent in the lumen of the vessel (% I) can be used as an index
of both leakage and field homogeneity. Hence, the various
geometric and electrical material properties can be varied to
obtain the optimum design, i.e. minimizing the non-homoge-
neity of the field. Furthermore, the experimental procedure
was simulated by injection of the two solutions of NaCl to
verify the accuracy of Equation [5]. Finally, the effect of the
presence of electrodes and the catheter in the lumen of vessel
was assessed. The error terms representing the changes in
measured conductance due to the attraction of the field to the
electrodes and the repulsion of the field from the resistive
catheter body were quantified.

[0126] Poisson’s equation was solved for the potential field,
which takes into account the magnitude of the applied cur-
rent, the location of the current driving and detection elec-
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trodes, and the conductivities and geometrical shapes in the
model including the vessel wall and surrounding tissue. This
analysis suggests that the following conditions are optimal for
the cylindrical model: (1) the placement of detection (voltage
sensing) electrodes equidistant from the excitation (current
driving) electrodes; (2) the distance between the excitation
electrodes should be much greater than the distance between
the detection electrodes; and (3) the distance between the
detection and excitation electrodes is comparable to the ves-
sel diameter, or the diameter of the vessel is small relative to
the distance between the driving electrodes. If these condi-
tions are satisfied, the equipotential contours more closely
resemble straight lines perpendicular to the axis of the cath-
eter and the voltage drop measured at the wall will be nearly
identical to that at the center. Since the curvature of the
equipotential contours is inversely related to the homogeneity
of the electric field, it is possible to optimize the design to
minimize the curvature of the field lines. Consequently, in one
approach, one or more of conditions (1)-(3) described above
are met to increase the accuracy of the cylindrical model.

[0127] Theoretically, it is impossible to ensure a com-
pletely homogeneous field given the current leakage through
the lumen wall into the surrounding tissue. It was found that
the iso-potential line is not constant as one moves out radially
along the vessel as stipulated by the cylindrical model. FIGS.
11A and 11B show the detected voltage for a catheter with a
radius of 0.55 mm for two different NaCl solutions (0.5% and
1.5%, respectively). The origin corresponds to the center of
the catheter. The first vertical line 220 represents the inner
part of the electrode which is wrapped around the catheter,
and the second vertical line 221 is the outer part of the elec-
trode in contact with the solution (diameter of electrode is
approximately 0.25 mm). The six different curves, top to
bottom, correspond to six different vessels with radii of 3.1
mm, 2.7 mm, 2.3 mm, 1.9 mm, 1.5 mm, and 0.55 mm, respec-
tively. It can be seen that a “hill” 220, 221 occurs at the
detection electrodes, followed by a fairly uniform plateau in
the vessel lumen, followed by an exponential decay into the
surrounding tissue. Since the potential difference is measured
at the detection electrode 220, 221, the simulation generates
the “hill” whose value corresponds to the equivalent potential
in the vessel as used in Equation [5]. Thus, for each catheter
size, the dimension of the vessel was varied such that Equa-
tion [5] was exactly satisfied. Consequently, the optimum
catheter size for a given vessel diameter was obtained such
that the distributive model satisfies the lumped equations
(Equations [5] and [6]). In this way, a relationship between
vessel diameter and catheter diameter can be generated such
that the error in the CSA determination is less than 5%. In one
embodiment, different diameter catheters are prepackaged
and labeled for optimal use in certain size vessel. For
example, for vessel dimensions in the range of4 mmto 5 mm,
5 mm to 7 mm, or 7 mm to 10 mm, analysis shows that
optimum diameter catheters will be in the range of 0.9 mm to
1.4 mm, 1.4 mm to 2 mm, or 2 mm to 4.6 mm, respectively.
The clinician can select the appropriate diameter catheter
based on the estimated vessel diameter of interest. This deci-
sion will be made prior to the procedure and will serve to
minimize the error in the determination of lumen CSA.

[0128] Thus, a number of the embodiments disclosed
herein accurately calculate lumen cross-sectional area by
measuring conductance and correcting for various errors
inherent in such measurements. However, at least some of the
disclosed embodiments provide for the localization of body
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lumen junctions and other intraluminal anatomical structures
using relative conductances and/or cross-sectional areas.
Because only relative differences in conductance or cross-
sectional area are necessary for accurate localization, the
calculation of absolute values for various locations within the
body lumen may be skipped in most instances.

[0129] Referring now to the embodiment shown in FIG. 9,
one clinical application of catheter 22 is shown. Specifically,
catheter 22 comprising stent 160 is positioned within an aorta
140 for the treatment of an aortic aneurysm 145. As described
above with respect to FIG. 4A, a set of excitation electrodes
25,27, and detection electrodes 26, 28 are located on catheter
22, which is disposed within stent 160.

[0130] In this embodiment, catheter 22, and thereby stent
160, is introduced into the blood stream percutaneously with
a femoral approach. After the graft is routed into the aorta,
electrodes 25, 26, 27,. 28 are activated and electrical current
flow is provided to the aortic lumen through the catheter 22 as
previously described herein. In one embodiment, prior to or
concurrent with collecting the conductance data, the catheter
22 may release fluid, such as a solution of NaCl having a
known conductivity, into the aortic lumen, such that the fluid
passing through the lumen comes into contact with the distal
end of the electrodes 25, 26, 27, 28.

[0131] Conductance data is collected at a plurality of loca-
tions throughout the aorta 140 to determine a profile and
cross-sectional area at various points along the aortic lumen.
Further, any inherent errors in collected data can be corrected
using any of the computational processes disclosed herein. In
this manner, precise cross-sectional values of the aortic lumen
can be obtained, as well as an accurate profile map of the
region. Based on that data, the aneurysm can be precisely
located within the aorta (e.g., where a larger conductance
value is detected), and the stent 160 may be properly sized to
affix to the aortic wall both distally and proximally of the
aneurysm.

[0132] Now referring to FIG. 10, a balloon 30 is used to
distend stent 160 within the aneurytic region of the aorta 140.
Inflation of the balloon 30 applies a force to the stent 160
which extends radially and presses into the vessel wall just
above and just below the aneurysm. As noted with respect to
the embodiment shown in FIG. 9, the profile and cross-sec-
tional area of the aorta determined from the conductance data
can be used to identify the optimal diameter to which the
balloon 30 should be inflated. Accordingly, the stent 160 can
be accurately sized to effectively treat the aneurysm. Further-
more, as the two necks of the graft should be deployed on an
atherosclerosis-free aorta, the profile and cross-sectional area
of the aorta determined from the conductance data can be
used to identify a good landing zone for the deployment of the
graft and thus prevent graft migration or endoleak.

[0133] While various embodiments of devices, systems,
and methods for localization of body lumen junctures have
been described in considerable detail herein, the embodi-
ments are merely offered by way of non-limiting examples.
Many variations and modifications of the embodiments
described herein will be apparent to one of ordinary skill in
the art in light of the disclosure. It will therefore be under-
stood by those skilled in the art that various changes and
modifications may be made, and equivalents may be substi-
tuted for elements thereof, without departing from the scope
of the disclosure. Indeed, this disclosure is not intended to be
exhaustive or to limiting. The scope of the disclosure is to be
defined by the appended claims, and by their equivalents.
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[0134] Further, in describing representative embodiments,
the disclosure may have presented a method and/or process as
aparticular sequence of steps. However, to the extent that the
method or process does not rely on the particular order of
steps set forth herein, the method or process should not be
limited to the particular sequence of steps described. As one
of ordinary skill in the art would appreciate, other sequences
of' steps may be possible. Therefore, the particular order of the
steps disclosed herein should not be construed as limitations
on the claims. In addition, the claims directed to a method
and/or process should not be limited to the performance of
their steps in the order written, and one skilled in the art can
readily appreciate that the sequences may be varied and still
remain within the spirit and scope of the present disclosure.

[0135] It is therefore intended that this description and the
appended claims will encompass, all modifications and
changes apparent to those of ordinary skill in the art based on
this disclosure.

1. A method for placing at least one lead within a heart,
comprising the steps of:

providing a system, comprising:

a catheter having a proximal end and a distal end, the
distal end of the catheter for placement into a blood
vessel, the catheter comprising a first electrode and a
second electrode, each of the first and second elec-
trodes having a proximal end and a distal end, the
distal ends of the first and second electrodes located
between the proximal and distal ends of the catheter,

alead for placement in a targeted area in a heart, the lead
having a proximal end and a distal end, and wherein
the distal end of the lead is removably coupled with
the catheter; and

a processor connected to the first and second electrodes
of the catheter, the processor capable of collecting
conductance data to determine a profile of a blood
vessel, the conductance data collected at a plurality of
locations within the blood vessel and determined at
each of the plurality of locations when the distal ends
of the first and second electrodes are immersed in a
fluid within the blood vessel;

determining the profile of the blood vessel through opera-

tion of the catheter and the processor;

using the profile of the blood vessel to identify the location

of the targeted area; and

advancing the distal end of the catheter and the distal end of

the lead through the blood vessel to the targeted area.

2. The method of claim 1, further comprising the steps of:

positioning the distal end of the lead within the targeted

area; and

withdrawing the catheter from the blood vessel.

3. The method of claim 2, wherein the step of positioning
the distal end of the lead within the targeted area further
comprises steering the distal end of the lead into a bifurcation.

4. The method of claim 1, wherein the step of determining
the profile of the blood vessel through operation of the cath-
eter and the processor further comprises the steps of:

providing constant electrical current flow to the blood ves-

sel through the catheter;

measuring a first conductance value at a first location in the

blood vessel;

moving the catheter to a second location in the blood ves-

sel;

measuring a second conductance value at a second location

in the blood vessel;
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determining a profile of the blood vessel based on the first
conductance value of the first location and the second
conductance value of the second location.

5. The method of claim 1, wherein the blood vessel com-
prises a coronary sinus.

6. The method of claim 5, further comprising the steps of:

inserting the distal end of the catheter and the distal end of

the lead into a femoral vein;

advancing the catheter and the lead through the vascular

system to a right atrium of a heart;

determining a profile of the right atrium through operation

of the catheter and the processor;

using the proofofthe right atrium to identify the location of

an ostium of the coronary sinus; and

advancing the distal end of the catheter and the distal end of

the lead through the ostium and into the coronary sinus.

7. The method of claim 1, wherein the processor further
comprises a computational program capable of detecting the
dimensions of the blood vessel or organ in real time.

8. The method of claim 1, wherein the fluid comprises
blood.

9. The method of claim 1, wherein the profile of the blood
vessel comprises relative conductances.

10. The method of claim 1, wherein the profile of the blood
vessel comprises relative cross-sectional areas.

11. The method of claim 1, wherein:

the catheter further comprises a passageway for passing

fluid through the catheter to the location of the distal
ends of the first and second electrodes, such that fluid
passing through the passageway comes in contact with
the distal ends of the first and second electrodes;

the fluid within the blood vessel comprises a first fluid

having a first conductivity and a second fluid having a
second conductivity; and

the conductance data is determined at each of the plurality

of locations when the distal ends of the first and second
electrodes are immersed in each of the first fluid and the
second fluid.

12. The method of claim 11, further comprising:

injecting a known volume of a first solution having a first

conductivity into the blood vessel;

injecting a second solution having a second conductivity

into the blood vessel, wherein the second solution has a
second volume and wherein the second conductivity
does not equal the first conductivity;

measuring a second conductance value at the first location

in the blood vessel;

calculating the conductance at the first location in the blood

vessel;

measuring a first conductance value at the second location

in the blood vessel; and

calculating the conductance at the second location in the

blood vessel.

13. The method of claim 12, wherein the step of determin-
ing a profile of the blood vessel comprises determining a
profile of the blood vessel based on the conductance of the
first location, the conductance of the second location, and the
conductivities of the first and second solutions.

14. The method of claim 13, wherein the profile of the
blood vessel comprises cross-sectional areas of the plurality
of locations.

15. The method of claim 13, wherein:

the catheter further comprises a third electrode and a fourth

electrode, each of the third and fourth electrodes having
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a proximal end and a distal end, the distal ends of the
third and fourth electrodes located between the proximal
and distal ends of the catheter, and the proximal ends of
the third and fourth electrodes coupled with the proces-
sor;

the first and the third electrodes comprise excitation elec-
trodes and the second and the fourth electrodes comprise
detection electrodes; and

the distal ends of the second and fourth electrodes are
located between the distal ends of the first and the third
electrodes.

16. A kit for inserting at least one lead into a heart com-

prising:

a catheter having a proximal end and a distal end, the distal
end of the catheter for placement into a blood vessel, the
catheter comprising a first electrode and a second elec-
trode, each of the first and second electrodes having a
proximal end and a distal end, the distal ends of the first
and second electrodes located between the proximal and
distal ends of the catheter; and

at least one lead for placement in a targeted area, the lead
having a proximal end and a distal end, and wherein the
distal end ofthe lead may be removably coupled with the
catheter;

wherein tie first and second electrodes of the catheter are
capable of receiving data for determining a profile of a
blood vessel and the first and second electrodes of the
catheter are configured to be coupled with a processor
for processing conductance data received from the cath-
eter.

17. The kit of claim 16, wherein the catheter further com-

prises a conductance wire.

18. The kit of claim 16, wherein the catheter further com-

prises:

a third electrode and a fourth electrode, each of the third
and fourth electrodes having a proximal end and a distal
end, the distal ends of the third and fourth electrodes
located between the proximal and distal ends of the
catheter, and the proximal ends of the third and fourth
electrodes coupled with the processor;

wherein the first and the third electrodes comprise excita-
tion electrodes and the second and the fourth electrodes
comprise detection electrodes and the distal ends of the
second and fourth electrodes are located between the
distal ends of the first and the third electrodes.

19. The kit of claim 16, wherein:

the catheter further comprises a passageway for passing
fluid through the catheter to the location of the distal
ends of the first and second electrodes, such that fluid
passing through the passageway comes in contact with
the distal ends of the first and second electrodes; and

the catheter is capable of determining conductance data
when the distal ends of the first and second electrodes are
immersed in a first fluid and a second fluid.

20. The kit of claim 18, wherein:

the catheter further comprises a passageway for passing
fluid through the catheter to the location of the distal
ends of the first and second electrodes, such that fluid
passing through the passageway comes in contact with
the distal ends of the first and second electrodes; and

the catheter is capable of determining conductance data
when the distal ends of the first and second electrodes are
immersed in a first fluid and a second fluid.
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21. The kit of claim 19, further comprising:

a syringe containing an amount of a first fluid; and

a syringe containing an amount of a second fluid.

22. A kit for inserting at least one lead into a heart, the kit

comprising:

a catheter having a proximal end and a distal end, the distal
end of the catheter for placement into a blood vessel, the
catheter comprising:

a first electrode and a second electrode, each of the first
and second electrodes having a proximal end and a
distal end, the distal ends of the first and second elec-
trodes located between the proximal and distal ends of
the catheter;

a third electrode and a fourth electrode, each of the third
and fourth electrodes having a proximal end and a
distal end, the distal ends of the third and fourth elec-
trodes located between the proximal and distal ends of
the catheter;

atleast one lead for placement in a targeted area, the lead
having a proximal end and a distal end, and wherein
the distal end of the lead may be removably coupled
with the catheter; and
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a passageway for passing fluid through the catheter to
the location of the distal ends of the first and second
electrodes, such that fluid passing through the pas-
sageway comes in contact with the distal ends of the
first and second electrodes;

wherein the first and the third electrodes comprise excita-
tion electrodes and the second and the fourth electrodes
comprise detection electrodes and the distal ends of the
second and fourth electrodes are located between the
distal ends of the first and the third electrodes;

wherein the first and second electrodes of the catheter are

capable of receiving data for determining a profile of a

blood vessel and the first and second electrodes of the

catheter are configured to be coupled with a processor
for processing conductance data received from the cath-
eter;

wherein and the proximal ends of the third and fourth
electrodes coupled with the processor; and

wherein the catheter is capable of determining conduc-
tance data when the distal ends of the first and second
electrodes are immersed in a first fluid and a second
fluid.



