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MARKERS FOR A MEDICAL ULTRASOUND
IMAGING CATHETER

BACKGROUND

[0001] The present embodiments relate to medical ultra-
sound imaging catheters. An acoustic array is positioned in a
catheter. The catheter is positioned in the patient, such as in
the heart of the patient. The patient is scanned using the
acoustic array, providing real-time images from within the
patient. The ultrasound imaging may assist with diagnosis or
treatment. However, the flexibility of the acoustic array may
result in artifacts in the image. The images may have speckle
noise or other artifacts, so it may be difficult for a physician to
relate the ultrasound image to the region to diagnose or treat.
[0002] Fusing fluoroscopy with the ultrasound imaging
provides more information for diagnosis or treatment. The
patient and catheter are imaged using x-rays. To register the
fluoroscopy imaging with the ultrasound imaging, the cath-
eter is located within a fluoroscopy image. Location of the
catheter may be difficult to determine, so radio opaque mark-
ers are added to the catheter. The markers allow more precise
location identification of the catheter in the fluoroscopy
image. Accurate placement of the markers is needed.

[0003] The markers are positioned during catheter con-
struction. The catheter housing is formed over the markers
and relied on to hold the markers in place. However, the
housing is not stable or flows during the construction of the
catheter. The markers positioned in the catheter during the
construction may change position, leading to inaccuracies in
registration of the fluoroscopy and ultrasound images.
[0004] For tracking an imaging catheter with magnetic
position sensors, a metallic stiffener is provided in the cath-
eter. The stiffener may improve imaging while also improv-
ing the orientation of the magnetic position sensors and the
acoustic array.

BRIEF SUMMARY

[0005] By way of introduction, the preferred embodiments
described below include methods, systems, improvements,
and catheters for medical ultrasound imaging. Markers are
added to the catheter with some precision. Using a template,
apertures for marker placement are formed in the catheter
after forming of the catheter housing. To position the template
before forming the apertures, the ultrasound array may be
used. Alternatively or additionally, a rigid insert with markers
connects with the array prior to forming the catheter housing.
The insert holds the markers in place during flow of the
catheter housing and may reduce artifacts in ultrasound scan-
ning due to flexing of the array.

[0006] 1In a first aspect, a method is provided for manufac-
turing a medical ultrasound imaging catheter. A catheter
housing is positioned relative to a template. The catheter
housing houses an array of ultrasound elements. The template
includes at least one first aperture. The positioning places the
first aperture to be near but not on the array. A marker aperture
is formed in the catheter housing using the first aperture of the
template. A marker is inserted in the marker aperture. The
catheter housing is sealed around the marker.

[0007] Inasecondaspect, asystem is provided for inserting
amarker in a medical ultrasound imaging catheter. A clamp is
configured to hold the medical ultrasound imaging catheter in
a position relative to a guide. The guide includes a through
hole.
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[0008] 1Inathird aspect, a method is provided for manufac-
turing a medical ultrasound imaging catheter. An insert is
positioned adjacent to a transducer array. The insert has a
marker. The transducer array is connected with the insert such
that the marker is adjacent to the transducer array in a distal or
proximal direction relative to the medical ultrasound imaging
catheter. A housing of the medical ultrasound imaging cath-
eter is formed over the transducer array, insert, and marker.
[0009] In a fourth aspect, a system is provided for manu-
facturing a medical ultrasound imaging catheter. An insert has
a cavity and at least one marker adjacent to the cavity. A
transducer array is sized to {it within the cavity.

[0010] The present invention is defined by the following
claims, and nothing in this section should be taken as a limi-
tation on those claims. Further aspects and advantages of the
invention are discussed below in conjunction with the pre-
ferred embodiments and may be later claimed independently
or in combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts throughout
the different views.

[0012] FIG. 1 is a block diagram of one embodiment of a
system for a medical ultrasound imaging catheter;

[0013] FIG. 2 isa perspective view of one embodiment ofa
guide and catheter for manufacturing the catheter with mark-
ers;

[0014] FIG. 3isa perspective view of another embodiment
of a guide and catheter for manufacturing the catheter with
markers,

[0015] FIG. 4is a flow chart diagram of one embodiment of
a method for manufacturing a medical ultrasound imaging
catheter;

[0016] FIG. 5 is a cross-sectional view of a compression
fitting for holding the catheter according to one embodiment;
[0017] FIG. 6is aside view of one embodiment of a system
for manufacturing a medical ultrasound imaging catheter;
and

[0018] FIG. 7isa flow chart diagram of one embodiment of
a method for manufacturing a medical ultrasound imaging
catheter.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0019] To insert markers within an ultrasound catheter, a
cylindrical template fits over the catheter. Holes may be
drilled into the plastic catheter body using the cylindrical
template as a guide. Markers made from radio opaque mate-
rial (e.g., tungsten or silver) are inserted into the drilled holes.
The markers provide guidance for registration or detection of
the catheter in fluoroscopic images.

[0020] An additional or alternative approach is to add an
insert to the catheter. The insert supports or is connected to the
ultrasound transducer array. The insert extends bevond the
array distally and/or proximally. One or more markers are in
the extension of the insert. The catheter housing is formed
over the array, insert, and markers.

[0021] While x-ray markers are described herein, other
types of markers may be used. For example, the catheter is to
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be detected in magnetic resonance imaging, optical imaging,
or other imaging using non-x-ray radiation. Markers of mate-
rial with high contrast or opaque to the type of imaging are
added to the catheter using the template or added insert.
[0022] FIG.1 shows a system for medical ultrasound imag-
ing with a catheter having markers 58. The ultrasound imag-
ing system is used for diagnosis and/or treatment in combi-
nation with another imaging modality, such as an x-ray,
fluoroscopy, magnetic resonance, computed tomography, or
optical system. Both imaging modalities scan a patient for
generating images to assist a physician.

[0023] The ultrasound imaging system includes the array
12 of elements 24 for medical ultrasound, a beamformer 52,
animage processor 54, and a display 56. Additional, different,
or fewer components may be provided. For example, the
system includes the array 12 in a catheter 50 without the
beamformer 52, image processor 54, and/or display 56. These
imaging electronics may be in a separate ultrasound imaging
system. The transducer and catheter 50 releasably connect
with the imaging system.

[0024] Thearray 12 is used in a transducer probe, such as a
medical ultrasound transducer. The transducer is used within
a patient, such as a catheter 50, a transesophageal, vaginal,
intercavity, intraoperative, or other probe. Alternatively, the
transducer probe is used outside of a patient, such as a hand-
held transducer probe. The array 12 is connected with or
positioned in the transducer probe. An acoustic window or
lens covers the array 12 to allow acoustic scanning from an
emitting face 22 of the array 12 from within the probe. In the
catheter embodiments, the window is the housing of the cath-
eter 50.

[0025] The array 12 has a plurality of elements 24, backing
block, electrodes, and a matching layer. Additional, different,
or fewer components may be provided. For example, two or
more matching layers are used. The backing block material
absorbs acoustic energy to limit or prevent reflections
received from the back of the array 12. The matching layers
provide a more gradual transition between acoustic imped-
ance, minimizing reflection from the boundary between the
transducer and the patient. The electrodes interact with the
elements to transduce between acoustic and electrical energy.
The variation of potential or distance between electrodes
across an element causes electrical signal generation or
acoustic energy, respectively.

[0026] Inoneembodiment, flex circuit resides between the
backing block and the PZT. The flex circuit bends around the
side of the backing block and is folded (in an accordion
fashion) behind the backing block. Within the flex connection
bundle (accordion), the flex circuit is connected to a bundle of
conductors 16 that carry the signals between the beamformer
52 and the array 12. In one variation, the flex connection
bundle resides between the backing block and an insert 14
(see FIG. 6).

[0027] The elements 24 contain piezoelectric material.
Solid or composite piezoelectric materials may be used. Each
element is a rectangular solid, cube, or six sided, but other
surfaces may be provided. For example, the emitting face 22
of one or more elements 24 is concave or convex for elevation
focusing or frequency based directivity. Alternatively, a
microelectromechanical device, such as a flexible membrane,
is used. Any now known or later developed ultrasound trans-
ducer may be used.

[0028] Any number of elements 24 may be provided, such
as 64 elements. 128 or other number of elements 24 may
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allow for more or larger apertures. The elements 24 are adja-
cent to each other, such as having substantially wavelength or
less spacing between the centers of adjacent elements 24. For
example, the elements 24 have half wavelength spacing with
kerfs acoustically separating each element 24. Sparse arrays
12 with greater spacing between elements 24 may be used.
[0029] The elements 24 are positioned along an azimuth
axis. For a one-dimensional array 12, the elements 24 are ina
single row along the azimuth axis. The array 12 may be linear
or curved linear. A curved linear array 12 has ends or a middle
that extend towards or away from the azimuth axis, but the
elements 24 are still positioned along the azimuth dimension.
Due to the curve, some elements 24 of the array 12 are at
different depths or ranges. For use in a catheter, the azimuth
axis is generally along the longitudinal axis of the catheter 50.
Generally is used as the array position within the catheter tip
is the result of rotation or translation from the axis due to
tolerance or manufacturing and/or for purposeful offset along
a parallel.

[0030] Multi-dimensional arrays 12 may be used. For
example, two or more rows of elements 24 are adjacent to
each other along the elevation dimension. 1.25, 1.5, 1.75 or
2D arrays may be provided. The spacing between elements 24
along the elevation dimension is the same or different than
along the azimuth dimension, such as a 2x64 array with half
wavelength spacing between all adjacent elements in azi-
muth. The elements are long in elevation, such as having a
3-20 wavelength elevation width, but may be half wavelength
or have other spacing.

[0031] Theside ofthe elements 24 covered by the matching
layer, closer to the region to be scanned, and/or opposite the
backing block is the emitting face 22. Acoustic energy is
transmitted from and received at the emitting face 22 of the
array 12. The angle of acoustic energy relative to the emitting
face 22 affects the sensitivity of the elements 24 to the energy.
The elements 24 are more sensitive to the energy at normal
incidence to the elements 24.

[0032] Electrical conductors 16 connect the elements 24 of
the array 12 to the receive beamformer 52. The conductors 16
are cables, coaxial cables, traces, wires, flex circuits, wire
Jumpers, combinations thereof, or other now known or later
developed conductor. One conductor 16 is provided for each
element 24. Alternatively, fewer conductors 16 than elements
24 may be used, such as for switched apertures, partial beam-
forming, or multiplexing. The conductors 16 are separately
addressable. Each element 24 may be selectively used for a
given aperture and associated electronic steering. Alterna-
tively, some elements 24 are useable with only a subset of
possible apertures.

[0033] The array 12 is positioned within the catheter 50.
The array 12 may fit within a 10 French, 3.33 mm, or other
diameter catheter 50. The conductors 16 are routed through
the catheter 50 to the beamformer 52. The catheter transducer
is used for imaging. The images assist in diagnosis, catheter
or tool guidance, and/or therapy placement.

[0034] The markers 58 in the catheter 50 are radio-opaque.
Tungsten, silver, gold, stainless steel or other material may be
used. The markers 58 are cylinders, but may be other shapes
(e.g., spherical, conical, plate, wire, or cube). The markers 58
are any size, such as 0.5 mm diameter cylinder with a 0.5 mm
height.

[0035] Two markers 58 are shown in FIG. 1. In other
embodiments, only one or more than two markers 58 are used.
For example, six markers 58 could be used.
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[0036] The markers 58 are spaced along the catheter 50. As
shown, the markers 58 may be positioned adjacent to, but not
behind, the array 12. One marker 58 is distal to the array 12,
and another marker 58 is proximal to the array 12. Only
proximal or only distal markers 58 are provided in other
embodiments. Where more than one marker 58 is provided
distal or proximal to the array 12, the markers 58 may have an
even or variable distribution, such as markers every 2-6 mm.
In one embodiment, five markers 58 are placed distal to the
array 12 and two markers 58 are placed proximal to the array
12. In alternative embodiments, one or more markers 58 are
positioned under or behind the array 12. The markers 58 may
be beside or to the sides of the array 12 rather than or in
addition to the proximal and/or distal ends.

[0037] FIGS. 2 and 3 show a system for inserting a marker
58 in a medical ultrasound imaging catheter 50. The system
provides placement of the markers 58 at desired positions
during manufacture. The holes for the markers 58 are created
in the assembled catheter 50, allowing insertion of the mark-
ers 58 into the catheter 50 after formation of the catheter
housing about the array 12.

[0038] The system includes the catheter 50, a guide 60, a
clamp 64, the markers 58, and a measurement device. Addi-
tional, different, or fewer components may be used. For
example, the measurement device is not provided. As another
example, the clamp 64 is not provided.

[0039] The guide 60 supports and/or positions the catheter
50 to guide the forming ofholes for the markers 58. The guide
60 is a template that fits over or is positionable by the catheter
50. The guide 60 is of any material, such as plastic, metal,
wood, or fiberglass.

[0040] In the embodiment shown in FIG. 2, the guide 60 is
asleeve. An inner bore is formed for insertion of the catheter
50. The bore is cylindrical, but may have other shapes. The
outer portion of the guide 60 is also cylindrical, but may have
other shapes. The guide 60 may completely surround the
catheter, allowing marker placement at any position. In the
embodiment shown in FIG. 3, the guide 60 is a plate.

[0041] The guide 60 includes one or more holes 62. The
holes 62 are spaced around the guide 60. The holes 62 extend
through at least one wall of the guide 60 to allow drilling
access to the catheter 50. The guide 60 is a drill guide or
template for forming holes in the catheter 50 for the markers
58. The guide 60 has holes 62 that guide a drill or other tool at
the correct location and orientation for marker placement.

[0042] By inserting the catheter 50 into the bore, the holes
62 are aligned with the desired locations for inserting the
markers 58. A stop, such as a closed end of the guide 60,
aligns the holes 62 with the catheter 50 as desired. The holes
62 are positioned for forming marker holes in the catheter 50
adjacent to the array 12, such as proximal and distal to the
array 12. The holes 62 are positioned to avoid drilling into the
array 12.

[0043] The array 12 is not always at the same location
within the catheter 50. During construction of the catheter 50,
various stresses are placed on the array 12 relative to the
housing of the catheter 50. As a result of these stresses, the
array 12 in the catheter 50 may shift along the longitudinal
axis, rotate about the longitudinal axis, and/or rotate away
from (no longer parallel with) the longitudinal axis. As a
result, the holes 62 of the guide 60 may not be positioned at
consistent locations relative to the array 12. This may be
acceptable in many embodiments.
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[0044] For embodiments where a greater accuracy of posi-
tion of the markers 58 relative to the array 12 is desired, the
guide 60 may be oversized. For example, the bore allows
rotation about, rotation away, and/or translation along the
longitudinal axis of the catheter 50 relative to the guide 60.
The bore is large enough to allow shifting of the catheter 50
relative to the guide 60 and corresponding holes 62.

[0045] To place the array 12 at the correct position relative
to the holes 62 even while the array 12 is covered by the
housing of the catheter 50 and/or the guide 60, an acoustic
target 66 is provided in the guide 60. The acoustic target 66 is
ametal or other acoustically reflective piece. For example, the
acoustic target 66 is stainless steel. Alternatively, the guide 60
1s reflective and the target is more acoustically transparent.
[0046] The acoustic target 66 is a plate or sheet of material.
Other shapes may be used, such as a wire or one or more
spheres. While shown as just one piece, multiple acoustic
targets 66 may be provided. Combinations of shapes may be
used. The target 66 has any size, such as having a similar area
as the array 12.

[0047] Theacoustic target 66 is on a surface of the guide 60
closest to the bore or location where the catheter 50 is to be
placed. Alternatively, the acoustic target 66 is embedded
within the guide 60 or is on a surface spaced from the catheter
50.

[0048] The acoustic target 66 is positioned within or on the
guide 60 at a location detectable with the array 12. By acous-
tically measuring with the array 12, the position of the array
12 relative to the acoustic target 66 is determined. The array
12 may be aligned with the acoustic target 66, aligning the
array 12 relative to the holes 62.

[0049] The clamp 64 is sized and shaped to hold the cath-
eter 50 in a position relative to the guide 60. The clamp 64
holds the catheter 50 with the holes 62 aligned relative to the
array 12 or the catheter 50.

[0050] Theclamp 64 of FIG. 2 is the bore. The bore is sized
to hold the catheter 50 in position. For example, the bore is
sized to allow insertion of the catheter 50 but establishing
friction when inserting.

[0051] Other clamps 64 may be used. FIG. 3 shows another
clamp 68. Two clamps 68 connect with a plate 70 or other
structure for supporting the catheter 50 during forming ofthe
marker holes. The clamps 68 hold the catheter 50 by com-
pression, such as using spring force, compression fitting,
being sized about a same size as the catheter 50, one or more
screws, or other clamping structure.

[0052] The clamp 68 may hold the catheter 50 relative to
the guide 60. Both the guide 60 and the clamps 68 are con-
nected with atable, ground, or other relatively immobile base.
The same or different bases may be used. The clamps 68 may
connect through support structure with the guide 60 or may be
separately connected to the ground. The clamps 68 and/or the
guide 60 are moveable relative to their supporting bases.
[0053] The clamp 68 may hold the catheter 50 relative to
the guide 60 in various positions. The positions include dif-
ferent lateral locations along the longitudinal axis. A guide
(e.g., tongue and groove) may be used for this translational
motion. The positions include different rotation about the
longitudinal axis. The clamps 68 may be released or have a
soft enough hold that the catheter 50 may be rotated about the
longitudinal axis. The positions include different rotation
from the longitudinal axis. The clamps 68 or guide 60 may be
supported by a rotatable base to allow changing of the angle
of the catheter 50 relative to the guide 60.
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[0054] The various degrees of freedom of the clamps 68
relative to the guide 60 allow adjustment of the catheter 50
relative to the guide 60. The adjustment may account for the
variation in the position of the array 12 within different cath-
eters 50. Once positioned, the various moveable components
may be locked, such as using a brake or screw, for forming the
marker holes.

[0055] FIG. 5 shows another clamp. The clamp is a com-
pression fitting. For example, the guide 60 of FIG. 2 includes
threading. The threading is on an outer circumference or in
the bore. A fitting with an o-ring slides over the catheter 50
and mates with the threading. The force from screwing the
pieces together places holding pressure on the o-ring and
catheter 50. For example, once the catheter 501s in the desired
position within the bore, the catheter 50 is locked into place
by tightening the compression fitting. Shims, injectable foam,
or other devices may be used to hold the catheter 50 in place
during tightening of the clamp or forming the marker aper-
tures.

[0056] Referring again to the embodiment of FIG. 3, the
catheter 50 is positioned relative to the guide 60 and holes 62
by moving the clamp 68 or clamps 68, moving the guide 60,
and/or rotating the catheter 50 within the clamps 68. The
change in position may be determined by a measurement
device. The measurement device is configured to indicate the
position of the array 12 relative to the acoustic target 66.
[0057] In one embodiment, the measurement device is an
infrared or optical scanner. The catheter 50 is semi-transpar-
ent. Shinning light through the catheter 50 may allow a user or
a system to orient the array 12. For example, an optical image
showing the array 12 within the catheter 50 is used by a
processor to identify the array 12 and control motors for
positioning the array 12 relative to the guide 60. This opera-
tion may work without the acoustic target 66. X-rays may be
used. Fluoroscopy in patients is limited to low radiation level
or short exposure times. However, more accurate X-ray imag-
ing devices may be used in production, and such systems
image the array with sufficient resolution to exactly deter-
mine location and orientation. While positioning the markers
correctly is very desirable, such an imaging system may alter-
natively be used to determine the exact marker position rela-
tive to the array in order to determine a correction term (e.g.,
deviation from desired location). This information may be
stored in the ultrasound system or navigation system.

[0058] In an embodiment using the acoustic target 66, the
ultrasound system is used as the measurement device. The
array 12 is a sensor. The beamformer 52 and image processor
54 measure the location of the acoustic target 66 relative to the
array 12. A coupling gel or water is placed between the
outside of the catheter 50 and the acoustic target 66. Acoustic
energy is used to measure the distance and rotation of the
array 12 relative to the acoustic target 66. The rotation of the
catheter 50 may be adjusted to achieve a peak or maximum
signal. When the array 12 is more directly facing the target 66,
the return signal may be greater due to the elevation focus. By
alternating transmissions and reception between distal and
proximal elements 24, the distance from the elements 24 to
the target 66 may be determined. The catheter 50 or guide 60
is rotated to even the distances. Similarly, the end elements 24
may be used to adjust the catheter 50 by translation along the
longitudinal axis. The peak or maximum signal indicates
proper alignment.

[0059] The adjustments may be performed iteratively. A
processor may control the adjustments or the adjustments are
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handled manually. The ultrasound generated by the catheter
50 is used to position the acoustic array 12 parallel to a planar
target 66.

[0060] Once the array 12 is parallel to the target 66, the
clamps 68 are locked in position. Alternatively, a sleeve is
positioned over the catheter 50 and temporarily fixed into
position.

[0061] With the clamps 64, 68 locked, the marker holes are
formed. The guide 60 guides the drill, laser, heated rod, or
other device for forming the marker holes. The marker holes
are formed in the housing of the catheter 50 at the desired
locations.

[0062] With the catheter 50 still in the guide 60 or after
removing the catheter 50 from the clamps 64, 68 and/or guide
60, the radio-opaque markers 58 are placed into the marker
holes. The markers 58 are inserted into the catheter 50. The
marker apertures may be large enough that the markers 58
loosely fit. Alternatively, pressure is used to insert the markers
58 into tightly fitting marker apertures. In yet another
embodiment, the markers 58 are heated and used to both form
the marker aperture and be inserted. The markers 58 are cut
from a wire or detached.

[0063] At least some of the markers 58 are adjacent to the
array 12. The markers 58 may contact the array, be spaced
within 3 mm, or be at another distance from the array 12.
[0064] The catheter housing is sealed over the markers 58.
After sealing, the catheter 50 may be used for imaging. Refer-
ring again to FIG. 1, the array 12 connects to the beamformer
52 for imaging. The beamformer 52 includes a plurality of
channels for generating transmit waveforms and/or receiving
signals. Relative delays and/or apodization focus the transmit
waveforms or received signals for forming beams. The beam-
former 52 connects with the conductors 16. The beamformer
52 selects an aperture including one, some, or all of the
elements 24 of the array 12. Different apertures may be used
at different times. The aperture is formed by using the ele-
ments 24 for transmit and/or receive operations while not
using other elements. The beamformer 52 is operable to scan
from a plurality of apertures formed by adjacent groups of the
elements 24. The apertures may walk through regular incre-
ments or skip to different portions of the array 12.

[0065] For scanning, the beamformer 52 electronically
focuses along the azimuth direction. A plurality of scan lines
using an aperture is scanned. During receive operations, the
focus may vary as a function of depth (i.e., dynamic focus-
ing). An elevation focus is provided by a lens and/or element
sensitivity, or the array 12 is not focused in elevation. In
alternative embodiments, the beamformer 52 connects with
elevation spaced elements for at least partial electric focusing
and/or steering in the elevation dimension.

[0066] The image processor 54 is a detector, filter, proces-
sor, application specific integrated circuit, field program-
mable gate array, digital signal processor, control processor,
scan converter, three-dimensional image processor, graphics
processing unit, analog circuit, digital circuit, or combina-
tions thereof. The image processor 54 receives beamformed
data and generates images on the display 56. The images are
associated with a two-dimensional scan. Alternatively or
additionally, the images are three-dimensional representa-
tions. Data representing a volume is acquired by scanning.
[0067] Using the markers 58, the array 12 may be located in
other imaging. For example, x-rays for fluoroscopy are trans-
mitted through the patient with the catheter 50 in the patient.
The markers 58 are radio-opaque, so appear as bright or
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contrast objects in the fluoroscopic image or detected data.
Since the position of the array 12 relative to the markers 58 is
known, such as based on the positioning provided by the
guide 60, the location and/or orientation of the array 12 is
determined from the markers 58.

[0068] FIG. 4 shows a method for manufacturing a medical
ultrasound imaging catheter. The method uses the system of
FIGS. 1, 2, 3, and/or 5. Additional, different, or fewer acts
may be provided. For example, the clamping of act 42 is not
done, but instead the catheter is held by the user. As another
example, the marker apertures are formed in act 44, but the
markers are not yet inserted in act 46 and/or the catheter
sealed in act 48,

[0069] In act 40, the catheter housing is positioned relative
to a template. The catheter housing covers or houses an array
of ultrasound transducer elements, the associated cables, and
any steering wires. Around the array and at the tip, the cath-
eter housing may be more rigid or thicker.

[0070] The positioning is manual or automatic. Using
motors or a user, the catheter housing is adjusted laterally
and/or rotated about any number of axes. For example, rota-
tion about at least two axes, the longitudinal axis and a per-
pendicular axis, is provided.

[0071] The positioning places apertures of the template at
desired locations relative to the array and/or catheter housing.
For example, the apertures in the template are positioned for
forming holes in the housing near to but not in the acoustic
path of the array. Near may be within 2 mm. Other locations
may be used, such as under the array or spaced from the array.
Any number of apertures may be used.

[0072] In one embodiment, the catheter housing is posi-
tioned relative to the template by placement in a guide. For
example, a cylindrical sleeve guides the catheter housing.
Stops are used to position the catheter housing in the cylin-
drical housing. The catheter housing slides into the guide,
such as a sleeve, until a stop prevents further sliding. As
another example, stops are not used. Instead, the catheter
housing is positioned in one or more clamps. The clamps
guide the catheter housing.

[0073] With the guide or without a guide, the array within
the catheter housing is aligned relative to the template. The
alignment occurs based on the guide and stops. Alternatively,
the alignment is more exact, relying on the identification of
the location of the array. Using optical imaging, a sensor, or
the array itself, the array is aligned with the template. For
example, the signal strength, distance from a reflector, or
other signal characteristic indicates the position of the array
to the template or a target on the template. The information is
used to align the array with the template.

[0074] The catheter housing, the guide, the clamps, a sup-
port base, the template, and/or the holes in the template are
moved for relative positioning. The movement may be
manual or by a motor or pressure (e.g., pneumatics).

[0075] Once positioned as desired, the clamps prevent fur-
ther movement. The moveable component or components
(e.g., the catheter, guide, or clamps) are locked or braked in
act 42. A thumb screw may be tightened. Spring activation,
bolt closing, application of pressure, or other clamping may
be used.

[0076] In one embodiment, the catheter housing is
clamped. This clamping may prevent further translation and/
or rotation. A guide, the template, the clamps themselves or
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other component may also be locked or clamped to prevent
further movement. The catheter housing is clamped in posi-
tion relative to the template.

[0077] In another embodiment, the clamping is performed
with a compression fitting. By turning a threaded guide, clo-
sure, or other device, an o-ring may press against the catheter
housing.

[0078] Once clamped, one or more marker apertures are
formed in act 44. The marker apertures are formed in the
catheter housing. The apertures in the template indicate the
location and orientation of the marker apertures. Alterna-
tively, the orientation is assumed or treated as normal to the
axis of the catheter 50. The apertures of the template guide the
formation of the marker apertures.

[0079] The marker apertures are formed by drilling, cut-
ting, etching, melting, or other process. For example, the
apertures of the template guide a drill to the catheter housing.
The drill may be zeroed at any location. The position of the
drill relative to the catheter housing is calibrated. For
example, the drill bit is placed in contact with the catheter
housing. Based on this location of the drill, a marker aperture
may be formed in the catheter housing or catheter to a desired
depth. A dial indicator or other measurement determines the
depth from the zeroed location. The depth may be sufficient to
allow sealing of the marker within the catheter housing. The
drill is activated to drill through the catheter housing and into
the catheter. The catheter housing may be solid other than
internal components of the catheter, such as where the cath-
eter housing is melted or flows to fill any gaps.

[0080] In act 46, a marker is inserted within each marker
aperture. The marker is inserted using a pick and place pro-
cess, such as by a robot or gravity feed device. Alternatively,
the markers are manually inserted into the marker apertures.

[0081] The markers are inserted with the template in place.
The markers pass through the apertures of the template and
into the marker apertures of the catheter housing. Alterna-
tively, the template or guide is removed. The catheter may be
unclamped and removed or may remain clamped. The mark-
ers are inserted into the catheter housing directly or without
passing through the apertures of the template.

[0082] In act 48, the catheter housing is sealed around the
marker. Additional housing material, such as plastic (e.g.,
Pebax®), is added to cover the marker and hole. The material
is the same or different than the material used to form the
catheter housing. Alternatively, no additional material is
added.

[0083] To seal, heat is applied. The housing material or
additional material is heated to or near a melting point. The
heated material flows to fill gaps and seal the hole. In alter-
native embodiments, a viscous material, such as ultra-violet
curable silicone, is added and cured to seal. Epoxy or other
sealing adhesives may be used without heating to avoid fur-
ther change in the array position within the catheter or further
melting of the catheter housing.

[0084] FIG. 6 shows another embodiment of a system for
manufacturing a medical ultrasound imaging catheter. The
system uses an insert 14 added to the transducer stack prior to
encasing in the catheter housing 18 rather than markers added
after encasing.

[0085] The system includes the insert 14, the array 12,
cables 16, markers 58, and the catheter housing 18. Addi-
tional, different, or fewer components may be provided. For
example, additional markers 58 are provided.
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[0086] The insert 14 is a material in addition to the trans-
ducer stack. The transducer stack of the array 12 includes the
matching layer, electrodes, flexible circuits, and backing
block. The insert 14 may incorporate the backing block and/
or signal traces for connecting the electrodes to the cables 16
or may not. The insert extends beyond the array, such as
distally and/or proximally along the axis of the catheter 50
being assembled. The insert 14 is a separate component from
the array 12.

[0087] The insert 14 is plastic, but other materials may be
used. In one embodiment, the insert 14 is formed from high
Tg (glass transition temperature) plastic (e.g., PSU Tg=190
C). The melt temperature is 10 degrees or more above the melt
temperature of the catheter housing 18, such as being sub-
stantially higher than the melt temperature of Pebax®. The
greater melt temperature may avoid compromising the
marker placement during subsequent tipping of the catheter.
By having a greater melt temperature, the insert 14 does not
flow or reach a melting point even when the catheter 50 is
heated to form the catheter housing 18. The insert 14 may not
change shape during the plastic welding or casting used to
fabricate the catheter 50.

[0088] The insert 14 includes a cavity 22. The cavity 22 is
sized to form or press fit around the array 12. Beams, walls, or
other structure on at least two sides hold the array 12 by
friction, snap fit, or other connector. In one embodiment, the
cavity 22 press fits with the array 12 on four sides. The cavity
22 may instead be oversized relative to the array 12. A con-
nector or adhesive holds the array 12 to the insert 14, such as
on a side wall or bottom surface of the cavity 22. In yet other
embodiments, the insert 14 is free of a cavity for the array 12,
and the array 12 connects to a top surface of the insert 14. The
cavity 22 may be ahole in the insert, surrounding the array 12
on only 2-4 sides.

[0089] The insert 14 is more rigid than the array 12. For
example, the plastic or other material bends less in response
to the same stress as the array 12 along the longitudinal axis.
Beams, ridges or other structure in addition to or as an altet-
native to more rigid material may be used to make the insert
14 morerigid than the array 12. By connecting the insert 14 to
the array 12, the geometry established by the insert 14 may
assist in imaging. Maintenance of the array 12 as flat, curved
or some other shape within the catheter 50 may reduce imag-
ing artifacts and/or allow sector scanning. The bow or curva-
ture of the array 12 may be minimized by introducing the
insert 14 as a reinforcing member. The insert 14 may reduce
any curvature along the longitudinal axis of the array or may
enforce a desired curvature.

[0090] The insert 14 includes at least one, some of, or all of
the markers 58 for the catheter 50. The markers 58 are placed
in apertures cast, drilled, or formed in the insert 14. The
portion of the insert 14 extending beyond the array 12 is used
to support the markers. The bottom or portion under the array
12 may alternatively or additionally support one or more
markers 58. Alternatively, the markers 58 are formed in the
insert 14, such as being cast in the insert 14. In yet other
embodiments, the markers 58 are bonded to the insert 14
without placement in an aperture.

[0091] None of the guides of FIG. 2, 3, or 5 would be
needed where the insert includes all of the markers. The
template would not be required to place the markers 58
already positioned within the insert 14. Additional markers
may be added using the template.
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[0092] Since the insert is positioned and connected with the
array 12, the position of the markers 58 relative to the array is
established with precision. The insert 14 captures the array 12
during assembly of the catheter 50, as well as to create an
extended rigid body that contains the markers 58. The mark-
ers 58 are precisely positioned prior to plastic welding the
acoustic array 12 to the catheter housing 18. The radio-
opaque markers 58 may be accurately attached to the insert
14.

[0093] Thecatheter housing 18 is a sleeve of plastic or other
material for insertion into a patient. For example, the catheter
housing 18 is formed from Pebax®. Other materials may be
used.

[0094] The catheter housing 18 is placed over the array 12
and insert 14, after the array 12 and insert 14 are connected
together. The catheter housing 18 slides over the array 12,
insert 14, markers 58, and some of the extent of the cables 16.
In one embodiment, the catheter housing 18 is plastic welded
as a thermoplastic around the array 12 and insert 14. Epoxy or
other bonding agent may be provided between the catheter
housing 18 and the array 12. Multiple layers of housing
material may be used, such as one layer for electrical insula-
tion and another for the outer surface of the catheter 50.
[0095] FIG. 7isa flow chart diagram of one embodiment of
a method for manufacturing a medical ultrasound imaging
catheter. The method uses the system of FIG. 6 or other
system for assembling the catheter. Additional, different, or
fewer acts may be provided. For example, the acts of the
method of FIG. 4 are also provided so that markers are placed
using the insert prior to forming the catheter housing and
placed using a guide after the catheter housing has been
formed. As another example, act 96 is not performed. Instead,
the insert has more or a similar flexibility as the array. The acts
are performed in the order shown or a different order.

[0096] Inact 90, the insert is positioned adjacent to a trans-
ducer array. For example, the transducer array is placed or
pressed into a cavity of the insert. Fiducials, guides, rails,
posts, holes, or other structures may be provided for position-
ing the insert relative to the array. The insert and the array
mate or slide together in one relative position.

[0097] The placement of the insert against the array posi-
tions one or more markers relative to the array. For example,
one or more markers are in the insert against or adjacent to the
cavity. By placing the array in the cavity, the marker is posi-
tioned adjacent to the array. The marker is adjacent to the
transducer array in a distal or proximal direction relative to
the medical ultrasound imaging catheter. The marker may
instead be beside or under the array.

[0098] Inact92, the transducer array is connected with the
insert. The connection may be by friction, such as a press fit of
the array to the insert (e.g., cavity). Latches, snap fit, or other
connectors (e.g., screw) may be used. Alternatively or addi-
tionally, the array is bonded to the insert with adhesive. For
example, the array connects to the insert by bonding, such as
with epoxy cured at room temperature or higher temperatures
(e.g., 50 degrees Celsius). After stacking the insert with the
array, the stack is pressed and cured to fix the array to the
insert. The adhesive is applied before positioning the array
against the insert. Alternatively, the adhesive is applied after
positioning, such as for formation of the catheter housing.
[0099] The connecting fixes the transducer array to the
insert. The array does not move relative to the insert after the
fixing. The fixing occurs before or after addition of the cath-
eter housing. The insert connects with the array directly or
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through one or more other components. For example, the
insert is stacked with an array of matching layer, transducer
material, and backing block. Conductors, such as a flexible
circuit extend from between the transducer material and the
backing block. The bundle or accordion bundle of flexible
circuit material is positioned behind the backing block. The
insert is stacked directly against the backing block or the
bundle or accordion of flexible circuit material is between the
insert and the array.
[0100] In act94,the catheter housing is formed. The hous-
ing is formed over the transducer array, insert, and any mark-
ers in the insert. The transducer array and insert are placed
into the housing, such as sliding a sleeve of housing material
over the array. By heating the housing substantially to a
melting point of the housing, the catheter housing flows into
gaps and over the components of the catheter. Since the insert
has a higher melting point than the Tg of the housing, the
insert maintains position relative to the array. The insert and
array remain flat despite the heating of the catheter housing.
[0101] Some portions of the catheter housing 18 before
assembly and/or after assembly may be thicker. Thicker
material may be used to provide more rigidity. In extruding
the catheter housing, forming thicker regions may be difficult.
Thin wall sections are desired around the sides of the array. It
is difficult to move plastic via injection molding to form thick
wall sections beyond the thin wall sections. The insert does
not require thick wall sections, so the tip or housing may be
easier to manufacture. Using the insert for rigidity may avoid
providing a thicker housing for a large region that may oth-
erwise use a thicker housing. Alternatively, thicker housing
material is provided for around the insert.
[0102] Inact96,thetransducerarray is maintained substan-
tially flat. While the insert and connected array may bow or
bend under some stresses during use, the array bends less or
requires greater force to bend due to the connected insert.
Since the insert is more rigid than the transducer array, the
array may be held in a more consistent configuration (e.g.,
flat) during use to scan from within the patient. This added
rigidity may also apply during the tipping process where high
hydrostatic pressures and sometime off-axis compressive
forces bend, bow, or otherwise distort the array. Fewer image
artifacts may result.
[0103] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.
1. A method for manufacturing a medical ultrasound imag-
ing catheter, the method comprising:
positioning a catheter housing relative to a template, the
catheter housing an array of ultrasound elements, and
the template including at least one first aperture, the
positioning being of the first aperture to be near but not
on the array;
forming a marker aperture in the catheter housing using the
first aperture of the template;
inserting a marker in the marker aperture; and
sealing the catheter housing around the marker.
2. The method of claim 1 wherein the template comprises
acylindrical sleeve, and wherein positioning comprises plac-
ing the catheter housing in the cylindrical sleeve.
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3. The method of claim 2 wherein placing comprises slid-
ing the catheter housing into the cylindrical housing until a
stop in the cylindrical sleeve prevents further sliding.

4. The method of claim 1 wherein forming comprises guid-
ing a drill with the first aperture and drilling through the
catheter housing.

5. The method of claim 4 wherein forming comprises zero-
ing the drill relative to the catheter housing, and wherein
drilling comprises drilling to a predetermined depth.

6. The method of claim 1 wherein inserting comprises
removing the template and placing the marker into the marker
aperture.

7. The method of claim 1 wherein sealing comprises heat-
ing the catheter housing.

8. The method of claim 1 wherein the marker comprises a
material opaque to x-rays and wherein inserting comprises
inserting the material.

9. The method of claim 1 wherein positioning comprises
aligning the array relative to the template.

10. The method of claim 9 wherein aligning comprises
sensing with the array a position of the array relative to the
template.

11. The method of claim 1 further comprising:

clamping the catheter housing relative to the template with

a compression fitting.

12. A system for inserting a marker in a medical ultrasound
imaging catheter, the system comprising:

a guide;

a clamp configured to hold the medical ultrasound imaging

catheter in a position relative to the guide; and

a through hole in the guide.

13. The system of claim 12 wherein the guide comprises a
sleeve with the through hole and additional through holes
spaced around an array of the medical ultrasound imaging
catheter when the medical ultrasound imaging catheter is held
by the clamp.

14.The system of claim 12 wherein the guide comprises an
acoustic target;

further comprising a measurement device configured to

indicate the position of an array of the medical ultra-
sound imaging catheter relative to the acoustic target.

15. The system of claim 12 wherein the clamp comprises a
compression fitting.

16. The system of claim 12 wherein the clamp is configured
to hold the medical ultrasound imaging catheter in a plurality
of different positions including the position, the plurality of
different positions arranged for rotational placement of an
array about a longitudinal axis of the medical ultrasound
imaging catheter, lateral translational placement of the array
along the longitudinal axis and rotational placement of the
array away from the longitudinal axis.

17. The system of claim 12 wherein the through hole com-
prises a drill guide.

18. The system of claim 12 further comprising a radio-
opaque marker for insertion into the medical ultrasound
imaging catheter adjacent to an array.

19. A method for manufacturing a medical ultrasound
imaging catheter, the method comprising:

positioning an insert adjacent to a transducer array, the

insert having a marker;,

connecting the transducer array with the insert such that the

marker is adjacent to the transducer array in a distal,
proximal, side, or behind direction relative to the medi-
cal ultrasound imaging catheter; and
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forming a housing of the medical ultrasound imaging cath-

eter over the transducer array, insert, and marker.

20. The method of claim 19 wherein positioning the insert
comprises placing the transducer array ina cavity of the insert
where the marker is adjacent to the cavity.

21. The method of claim 19 wherein connecting comprises
press fitting the insert to the transducer array or the transducer
array to the insert.

22. The method of claim 19 wherein forming comprises
placing the transducer array and insert into the housing and
heating the housing substantially to a melting point of the
housing, the insert having a higher melting point than the
housing and processing temperature.

23. The method of claim 19 wherein connecting comprises
fixing the transducer array to the insert;

further comprising maintaining the transducer array sub-

stantially flat with the insert, the insert being more rigid
than the transducer array.
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24. A system for manufacturing a medical ultrasound
imaging catheter, the system comprising:
an insert having a cavity and at least one marker adjacent to
the cavity; and

a transducer array sized to fit within the cavity.

25. The system of claim 24 wherein the insert comprises a
plastic more rigid than the transducer array, the transducer
array connected to the insert.

26. The system of claim 24 further comprising a catheter
housing enclosing the insert, the at least one marker, and the
transducer array, wherein the insert comprises a material hav-
ing a higher melting point than the catheter housing and
processing temperature.

27. The system of claim 24 wherein the at least one marker
comprises a plurality of radio opaque markers.
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