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(57) ABSTRACT

Devices and methods for placing medical leads using mini-
mally invasive techniques. One lead includes a lead body
connected to a lead head having an aperture for providing
fiber optic access to the interior of a helical electrode. The
fiber optic shaft may be disposed within or along-side a drive
shaft releasably coupled to the head to rotate the head. The
drive shaft and lead body may be delivered using a delivery
catheter. The delivery catheter can be advanced though a
small incision to the target tissue site, and the site remotely
visualized through the fiber optic scope extending through
the lead head aperture. Some catheters include a distal
mapping electrode readable from the catheter proximal
portion or handle. The lead head can be rotated, rotating the
helical electrode into the tissue, and the catheter, drive shatft,
and fiber optic probe removed. In one use, epicardial pacing
leads are placed on the posterior surface of the heart, aided
by visualization and mapping to obtain optimal electrode
placement and patient outcome.
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FIG. 4C
FIG. 5
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FIBER OPTIC ASSISTED MEDICAL LEAD

RELATED APPLICATIONS

[0001] The present application is a non-provisional of U.S.
Provisional Patent Application No. 60/595,840, filed Aug. 9,
2005, herein incorporated by reference in its entirety.

FIELD OF INVENTION

[0002] The present invention is related to medical devices.
More specifically, the present invention includes systems,
devices, and methods related to implantable electrical leads
which can be positioned using a fiber optic probe. Applica-
tions include the visualized placement of epicardial pacing
leads, spinal cord stimulation leads, neuro-stimulation leads,
HIS bundle leads, gastric stimulation leads, LV apex leads,
sensing leads, and others.

BACKGROUND

[0003] Several major Cardiac Rhythm Management
(CRM) companies have developed special pacemakers
“IPGs” that allow for the delivery of resynchronization
therapy. This technology uses atrial synchronized, biven-
tricular pacing and requires placement of a lead in or on the
right atrium as well as the right and left ventricles. Place-
ment of a lead inside the left ventricle has not been clinically
feasible to date due to dislodgement and the risk of embo-
lism formation potentially leading to a stroke. Placement
outside the left ventricle now often includes placing a lead
in a convenient location instead of the most efficacious
location.

[0004] To answer the challenge of placing the left ven-
tricle (LV) lead, considerable effort has gone into the devel-
opment of special leads and delivery systems for placing the
LV lead in a coronary vein. These leads are often referred to
as coronary sinus (CS) leads, since the lead passes through
the CS. CS leads have been challenging for the electrophysi-
ologist to place and often require considerably more time
and increased fluoroscopy exposure than traditional endo-
vascular right side leads. Following implantation, the CS
lead may dislodge in 10+% of patients leading to less than
desirable performance. At least 10% of the target patients are
not candidates for CS leads due to the anatomical structure
of their coronary veins.

[0005] An alternative to CS leads is the use of epicardial
or myocardial leads. Traditionally, these leads have been
placed during open chest surgical procedures (sternotomy)
or through a less traumatic subxiphiod or subcostal approach
to the apex of the heart. The invasiveness of a full sterno-
tomy would not be well tolerated by the CHF patients.

[0006] Tt is generally believed that the target location on
the heart for resynchronization therapy is the lateral side of
LV 2-3 cm apical of obtuse marginal and circumflex artery
junction. Optimization of the target site may be achieved by
ECG mapping of the heart to determine the location on the
left ventricle that has the latest activation. To reach the target
location through MI techniques, endoscopic ports and spe-
cial endoscopic instruments may be employed. During a
minimally invasive procedure it may be desirable to pass the
device through a port. The port ID and length limit the
amount of curvature that can preexist in some implant tools.

[0007] Tt is desirable for a lead to be implanted with the
center axis of the helical electrode normal to the surface of
the heart.
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[0008] Some current epicardial leads and methods require
rather large incisions to place the leads. The Fast Tac Flex
implant tool (available from Enpath Medical, Minneapolis
Minn.) reduces the invasiveness of the procedure, but may
be more difficult to use on the posterior side of the heart.

[0009] What would be desirable is a device which pro-
vides improved minimally invasive access for lead place-
ment on the heart. In particular, what would be advantageous
is a device which provides minimally invasive placement of
an epicardial lead on the posterior side of the heart. What
would especially be advantageous are devices and methods
providing visualization and electronic mapping to find the
most efficacious lead electrode position to provide optimal
patient outcomes.

SUMMARY

[0010] The present invention provides an improved
implantable medical lead for fixing to tissue in a human
body. The lead can include an elongate lead body and an
electrical conductor disposed along at least part of the length
of the lead body, with a lead head coupled to the lead body
near the distal region. The lead can also include one or more
electrodes coupled to the head and/or along the lead body to
conduct electricity between the electrical conductor and the
tissue, with an aperture disposed through the lead head. The
aperture can be either closed on all sides or open along a
side, depending on the particular embodiment of the inven-
tion.

[0011] The lead head can have a surface for disposing
toward the tissue when fixed, in which the aperture is
aligned substantially orthogonally with respect to the lead
head surface, such that a shaft inserted through the aperture
while the lead head surface is disposed toward the tissue can
contact the tissue. The lead electrode may have a central
axis, where the aperture has a central axis disposed substan-
tially parallel to the electrode central axis. In some leads the
lead head has a longitudinal central axis that is substantially
coaxially aligned with the electrode longitudinal central
axis. The electrode can be a helical electrode having an
interior, where the aperture provides access to the helix
interior through the lead head. An elongate fiber optic shaft
configured to be received into or through the aperture can
also be included with some leads.

[0012] The present invention can also provide a system
which includes the lead, and can also include a drive shatt,
also referred to as a first shaft, disposed along at least part
of the length of the electrode body, where the drive shaft is
operably coupled to the helical electrode, such that rotating
the drive shaft either directly or indirectly rotates the helical
electrode. The system can also include a fiber optic shaft
disposed along at least part of the length of the lead body,
sized to be received into or even through the lead head
aperture. In some systems, the drive shaft has one or more
lumens therethrough, and the fiber optic shaft is placed
within one of the lumens. In other systems, the drive shaft
is a solid shaft, configured to releasably engage and rotate
the lead head at the distal end. Such a solid drive shaft may
have the fiber optic shaft disposed alongside.

[0013] Some systems also include a delivery tube or
delivery catheter having one or more lumens therethrough,
in which the drive shaft, lead body, and fiber optic shaft
extend through the delivery tube lumen for at least a part of
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their length. Some systems have the fiber optic shaft slidably
disposed within a separate lumen in the delivery tube or
fixedly disposed within a wall of the delivery tube. The
system can have the fiber optic shaft adapted to be slidably
received through the lead head aperture and within the
helical electrode. Some systems have the lead body disposed
at about a right angle to the lead head tissue contacting
surface while the lead is constrained within the delivery
tube, where the lead body is disposed at less than about a 45
degree angle to the lead head tissue contacting surface when
unconstrained. Some helical electrodes have a central lon-
gitudinal axis with the lead body disposed along a line that
is substantially parallel with the helical electrode central axis
while constrained within the delivery tube. The lead body in
this embodiment is disposed along a line that is substantially
parallel with the lead head tissue contacting surface when
unconstrained and secured to the tissue. In some systems,
the lead body is operably coupled to the drive shaft to rotate
with and about a drive shaft central longitudinal axis during
drive shaft rotation. The lead can pass through or along the
drive shaft.

[0014] The present invention also provides an implantable
medical lead for fixing to tissue in a human body. The lead
can include an elongate lead body having a proximal por-
tion, a distal portion, and a length, with an electrical con-
ductor disposed along at least part of the length of the lead
body. The lead can also include a lead head disposed near the
distal portion of the lead body and operably coupled to the
lead body, with an electrode coupled to the head to conduct
electricity between the electrical conductor and the tissue.

[0015] The present invention also provides a medical
device including a flexible, controllably bendable tube hav-
ing a lumen therethrough, a distal region, and a proximal
region. Some devices have an aperture through the distal
region sidewall. An image capture device may capture the
image from near the delivery tube distal portion. The device
also has a delivery tube handle having a distal region and a
proximal region, the delivery tube handle distal region
operably coupled to the bendable tube, such that the bending
of the tube can be controlled from the delivery tube handle.
The delivery tube handle can have a drive shaft handle
receiving region in communication with the bendable tube
lumen. The device may also have an elongate drive shaft
sized to be rotatably disposed within the bendable tube
between the bendable tube proximal and distal regions, as
well as a drive shaft handle operably coupled to the drive
shaft proximal region and rotatably coupled to the delivery
tube handle drive shaft handle receiving region. Rotating the
drive shaft handle rotates the drive shaft within the bendable
tube.

[0016] The device may also include a fiber optic shaft
sized to be disposed in the bendable tube between at least the
bendable tube distal region and the drive shaft handle, and
a fiber optic viewer coupled to the fiber optic shaft proximal
region to view images from the fiber optic shaft distal
region. Some devices include an elongate electrical lead
having a distal electrode, a proximal connector, an elongate
lead body, and an elongate conductor coupled along the lead
body between the distal electrode and the proximal connec-
tor. In some devices, the drive shaft handle includes at least
one constrained path for taking up excess lead length. The
constrained path may include a spiral groove path disposed
about a portion of the drive shaft handle. In some embodi-
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ments, the spiral groove is a depressed path. In some
embodiments, the constrained path is formed by raised
surface bumps, pegs, or ridges.

[0017] Some devices according to the present invention
also include a cavity in the drive shaft handle for receiving
the electrical lead proximal connector, such that rotating the
drive shaft handle rotates the drive shaft and the lead body
about the drive shaft. The drive shaft may be a tubular shaft
having a drive shaft lumen therethrough, in which the fiber
optic shaft is removably disposed within the drive shaft
lumen. The fiber optic shaft is fixedly disposed within the
drive shaft or within the bendable tube, in various embodi-
ments.

[0018] Some devices include a mechanism for indicating
the number of rotations of the drive shaft. Devices can
include a mechanism for limiting the number of rotations of
the drive shaft to a predetermined number of rotations. In
some embodiments, the controllably bendable tube handle
further includes a locking mechanism having a locked
position and an unlocked position, in which rotation of the
drive shaft handle is prevented in the locked position, and
rotation of the drive shaft handle is allowed in the unlocked
position. The advancement of the lead may be prevented in
the locked position and allowed in the unlocked position.

[0019] In some embodiments, the controllably bendable
tube distal region includes at least one sensor for measuring
a property and generating a signal indicative of the property,
with the sensor selected from the group consisting of tem-
perature sensors, pressure sensors, oxygen sensors, pH sen-
sors, and chemical sensors, and combinations thereof,
coupled to an elongate signal conductor for conducting the
signal at least to the bendable tube proximal region.

[0020] Some devices include a sensor shaft sized to be
disposed in the bendable tube between at least the bendable
tube distal region and the bendable tube proximal region, the
sensor shaft having a distal region and a proximal region.
The sensor shaft can have at least one sensor for measuring
a property and generating a signal indicative of the property
disposed near the sensor shaft distal region, where the sensor
is selected from the group consisting of temperature sensors,
pressure sensors, oxygen sensors, pH sensors, and chemical
sensors, and combinations thereof, as well as an elongate
signal conductor for conducting the signal to the sensor shaft
proximal region.

[0021] The present invention also provides a method for
affixing an electrical lead to a tissue surface, the lead having
a lead head coupled to a lead body and an electrode coupled
to the lead head. The method can include advancing the lead
head to the tissue surface and visualizing the tissue surface
using a removeable fiber optic shaft disposed through the
lead head. The electrode can be secured to the tissue surface
and the fiber optic shaft removed from the lead head.
Removing the fiber optic shaft occurs after securing the
electrode in some methods and before in others. In other
methods, the fiber optic shaft remains within the delivery
tube. The electrode securing may include rotating the elec-
trode, where the electrode is a helical electrode. In some
methods, the helical electrode is fixedly coupled to the head,
and the helical electrode, which is optimized for tissue
engagement, is rotated by rotating the lead body and the lead
head. In other methods, a barbed electrode may be secured
by advancing the electrode into the tissue.



























