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ULTRASOUND GUIDED PROBE DEVICE AND 
METHODS OF USING SAME 

BACKGROUND OF THE INVENTION 

0001 Medical probe devices are utilized for many pur 
poses, chief of which include catheterization, centesis, and 
biopsy procedures. Percutaneous placement of probes using 
these devices is often performed with techniques which rely 
on palpable or visible structures. This is neither a simple nor 
a risk-free procedure. For instance, proper insertion and 
placement of a percutaneous probe depends on correct local 
ization of anatomical landmarks, proper positioning of the 
patient in relation to the care provider, and awareness of both 
the targets depth and angle from the point of probe insertion. 
Risks of unsuccessful placement of a probe can range from 
minor complications, such as patient anxiety and discomfort 
due to repetition of the procedure following incorrect initial 
placement, to severe complications, such as pneumothorax, 
arterial or venous laceration, or delay of delivery of life 
saving fluids or medications in an emergency situation. 
0002 Ultrasound guided techniques and devices have 
been developed to aid in correct placement of percutaneous 
probes. Ultrasound guided techniques usually require two 
people, an ultrasound operator who locates the internal target 
and keeps an image of the target centrally located on a moni 
tor, and a care provider who attempts to guide the probe to the 
target based upon the Sonogram. Such techniques are very 
difficult perceptually. For instance, these techniques are com 
plicated by the fact that the person targeting the tissue with the 
probe is not the same person as is operating the ultrasound. In 
addition, the generally thin, cylindrical probe is usually small 
and reflects very little of the ultrasound beam. Moreover, as 
the cylindrical probe and the ultrasound beam are not gener 
ally normal to one another, the Small amount of ultrasonic 
energy that is reflected from the probe will reflect at an angle 
to the incident beam, resulting in little if any of the reflected 
energy being detected by the ultrasound transducer. As a 
result, the probe itself is difficult to visualize in the sonogram 
and the person placing the probe must attempt to guide the 
probe to the correct location using minimal visual feedback 
provided by the ultrasound operator physically rocking the 
ultrasound transducer. Rocking the transducer allows the 
observer to see a series of planar Sonograms of the internal 
region, and, with training, the observer can learn to recognize 
Subtle changes in the Sonograms as the probe deflects and 
penetrates the Surrounding tissue and pick up Subtle ultra 
sonic shadow artifacts deep to the probe created when the 
probe blocks the transmission of the ultrasound beam to the 
tissue below. 
0003. In an attempt to relieve the difficulties of ultrasound 
guided probe techniques, systems have been developed 
including a probe guide which can be attached to an ultra 
sound transducer housing. Problems still exist with such 
devices however. For instance, the probe guide is to one side 
of the ultrasound transducer housing in these devices, and the 
probe is often inserted at a fixed angle to the plane of the 
ultrasound beam displayed on the Sonogram, restricting the 
intersection of the ultrasonographic beam and the point of the 
probe to a very small area in space. In addition, and as with 
hand-guided ultrasound techniques, very little, if any, ultra 
sonic energy is reflected from the probe back to the trans 
ducer. In fact, due to the angle between the incident ultrasonic 
beam and the probe in these devices, visual cues to the loca 
tion of the probe tip may be even more difficult to discern on 
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a sonogram when using these devices. In addition, in many of 
these devices, the probe passes through the ultrasound beam 
at a fixed depth range depending on the set angle of the probe 
guide, and this may not correspond to the depth of the target, 
in which case it may not be possible to show the juncture of 
the target and the probe tip on the Sonogram at all. 
0004 What is needed in the art is an improved device and 
method for utilizing ultrasound to guide a probe to a percu 
taneous target. 
0005. Another problem that exists when attempting to 
place a percutaneous probe concerns movement of the probe 
following correct placement. For instance, after Successfully 
placing a probe, in many procedures it is desirable for the 
probe tip to remain at the target location for a period of time, 
for instance as a catheter wire is inserted or a biopsy taken. 
Often, a small movement of the hand holding the probe in 
place can cause the probe tip to shift away from the target, 
leading to complications. Thus, what is needed in the art is a 
device and method that can clamp a probe following place 
ment in order to limit motion of the probe tip within the body. 
0006 Yet another on-going problem faced by medical pro 
fessionals everywhere is maintenance of a sterile field during 
procedures. Thus, what is additionally needed in the art is the 
ability to maintain a sterile field while utilizing ultrasound 
guided probe devices and methods. 

SUMMARY OF THE INVENTION 

0007 For purposes of this disclosure, the term “probe' is 
herein defined to be device that can be guided by and used in 
conjunction with the ultrasound devices of the present inven 
tion. For example, the term “probe' can refer to a needle, a 
tube, a biopsy device, or any other item that can be guided by 
the devices as herein described. 
0008. In addition, the term “probe device' is herein 
defined to be a device that can be utilized with a probe, but 
does not necessarily include the probe itself. 
0009. In one embodiment, the present invention is directed 
to a probe device that can include an ultrasound transducer 
housing which can include an ultrasound transducer for trans 
mitting an ultrasonic beam. The ultrasound transducer hous 
ing can define a probe guide opening through the base of the 
housing. The probe guide opening can pass through the area 
defined by the ultrasound transducer or outside of this area, 
depending upon the desired characteristics of the system. 
0010. The device can, in one embodiment, also include a 
sterile seal that can be removably attached to the ultrasound 
transducer housing. The sterile seal can include, for example, 
a sterile probe guide that can be removably received within 
the probe guide opening. 
0011. The sterile seal can also include a seal base, onto 
which the base of the ultrasound transducer housing can fit. In 
one embodiment, the sterile seal can include a sterile sleeve, 
which can be adapted for substantially covering the exterior 
of the ultrasound transducer housing without blocking move 
ment of a probe through the probe guide. For example, the 
sterile sleeve can include a pliant, disposable material Such as 
a nonwoven web material or a thermoplastic material. 
0012. In one embodiment, the medical probe device can be 
a linear, noninvasive probe device incorporating a linear ultra 
Sound array Such as is generally known in the art for visual 
izing vascular targets. In one particular embodiment, the 
probe guide opening defined by the transducer housing can be 
perpendicular to the flat base of the linear array device. In 
another embodiment, the medical probe device can be a con 
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vex device, in which the array of elements forming the ultra 
Sound transducer defines an arcuate profile. In some embodi 
ments, the base of the device can also define anarcuate profile 
that can correspond to the curvature of the ultrasound trans 
ducer within the transducer housing. Such devices are often 
common for visualizing large targets, such as organ visual 
ization devices. In one particular embodiment of a convex 
probe device, the probe guide opening can be perpendicular 
to the tangent of the base taken at the point where the probe 
guide opening passes out of the housing at the base. 
0013 The medical probe device of the present invention 
can include a clamp. In one particular embodiment, the clamp 
can be a mechanical clamp in communication with the ultra 
Sound transducer housing for clamping a probe in the probe 
guide. 

0014. In another embodiment, the medical probe device 
can include a detector, Such as a motion detector, in commu 
nication with a processing unit. For example, the detector can 
detect motion of a probe as it is guided through the probe 
guide and communicate that information via a data stream to 
the processing unit. The processing unit can also be in contact 
with the ultrasound transducer and can be utilized to form the 
Sonogram. The processing unit can use the information in the 
data stream to display information on a monitor relating the 
location of the probe in relation to the target. For example, the 
data stream can be utilized to form a real time virtual image of 
the probe as it moves through the field and display an image 
of the probe on the sonogram. In general, in this embodiment, 
the path of the probe can define a line that is parallel to the 
plane displayed on the Sonogram. 
0.015. In one embodiment, rather than or in addition to 
information concerning the real time location of the probe, 
information concerning the probe path can be displayed on 
the monitor. For example, a targeting line showing the path 
the probe will take, which is parallel to the plane of the 
Sonogram, can be displayed on the monitor. 
0016. In another embodiment, the present invention is 
directed to a sterile seal that may be utilized in conjunction 
with an ultrasound device. For example, the sterile seal can 
include a sterile probe guide for use with an ultrasound device 
in order to provide a sterile barrier between the ultrasound 
transducer housing and a probe guided through the housing. 
The sterile probe guide can, in one embodiment, include 
separable top and bottom portions which can be attached 
together when the seal is received within the probe guide 
opening that is defined by the ultrasound transducer housing. 
In one embodiment, the sterile seal can include a sterile sleeve 
continuous from the sterile probe guide that can Substantially 
enclose the ultrasound transducer housing without blocking 
motion of a probe through the sterile probe guide. For 
example, the Sterile sleeve can comprise a pliant material that 
can wrap the ultrasound transducer housing and/or the sleeve 
can comprise a non-pliable base that can cover one or more 
Surfaces of the transducer housing. In one embodiment, a 
clamp for clamping a probe in the sterile probe guide can be 
integral to the sterile seal. 
0017. The presently disclosed devices may be utilized in a 
variety of medical procedures. For example, the devices may 
be utilized to target blood vessels, tissue masses, or fluid 
filled cavities. In one particular embodiment of the present 
invention, the devices may be utilized during central venous 
catheterization procedures. 
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BRIEF DESCRIPTION OF THE FIGURES 

0018. A full and enabling disclosure of the present inven 
tion, including the best mode thereof to one of ordinary skill 
in the art, is set forth more particularly in the remainder of the 
specification, including reference to the accompanying fig 
ures in which: 
0019 FIG. 1 illustrates one embodiment of an ultrasound 
transducer housing of the present invention; 
0020 FIG. 2 illustrates one embodiment of a sterile seal 
according to the present invention including separable top 
and bottom portions; 
0021 FIG.3 illustrates one embodiment of a device of the 
present invention including an ultrasound transducer housing 
enclosed by a sterile seal So as to form a sterile probe guide 
within the probe guide opening that is defined by the ultra 
Sound transducer housing: 
0022 FIG. 4 illustrates an isometric view of one embodi 
ment of the top of a sterile seal probe guide according to the 
present invention including an integral clamp; 
0023 FIG. 5 shows a cut-away plan view of the probe 
guide of FIG. 4 taken along line V-V. 
0024 FIG. 6 illustrates a clamping lever suitable for use 
with the probe guide of FIG. 4; 
0025 FIG. 7 shows a plan view of the clamping lever of 
FIG. 6 taken along line VII-VII; 
0026 FIGS. 8A and 8B are cut-away plan views of a probe 
held by the clamp of FIGS. 4-7 in both an unclamped position 
(FIG. 8A) and a clamped position (FIG. 8B); 
(0027 FIG.9 illustrates another embodiment of the present 
invention in which an image of a virtual probe may be corre 
lated with a sonogram; 
(0028 FIGS. 10A-10F are planar views of embodiments of 
ultrasound transducers of the present invention, showing a 
variety of relationships between the ultrasound transducer 
and a probe guide opening defined by the transducer housing: 
and 
0029 FIG. 11 illustrates another embodiment of the ultra 
Sound transducer housing of the present invention including a 
convex ultrasound transducer. 
0030 Repeat use of reference characters in the present 
specification and drawings is intended to represent the same 
or analogous features of elements of the invention. Other 
objects, features and aspects of the present invention are 
disclosed in or are obvious from the following detailed 
description. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0031 Reference will now be made in detail to various 
embodiments of the invention, one or more examples of 
which are set forth below. Each embodiment is provided by 
way of explanation of the invention, not limitation of the 
invention. In fact, it will be apparent to those skilled in the art 
that various modifications and variations may be made in the 
present invention without departing from the scope or spirit of 
the invention. For instance, features illustrated or described as 
part of one embodiment, may be used in another embodiment 
to yield a still further embodiment. Thus, it is intended that the 
present invention cover Such modifications and variations as 
come within the scope of the appended claims and their 
equivalents. 
0032. The present invention is directed to improved 
devices and methods for use in guiding percutaneous probes 
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during medical procedures. More specifically, the ultrasound 
devices of the present invention include an ultrasound trans 
ducer housing having an opening therethrough configured to 
accommodate a probe. In one embodiment, the opening can 
serve as a probe guide. Optionally, the opening can be con 
figured to accommodate a removable probe guide for the 
probe. 
0033. Using the presently disclosed devices, the path of a 
probe guided through the device and hence the location of the 
probe tip can be more clearly known in relation to a target 
imaged by the ultrasound device. In addition, in one preferred 
embodiment, the presently disclosed devices can be utilized 
by a single operator who can control both the ultrasound 
transducer and the probe during the procedure. 
0034. Using the presently disclosed devices, a probe tip 
can be guided to a percutaneous target on a line that is parallel 
to the plane imaged on the Sonogram. That is, either within the 
plane imaged on the Sonogram or adjacent to it, but in either 
case parallel to it. When utilizing the presently disclosed 
devices, the path of the probe to the target can be known, even 
if it cannot be discerned on the sonogram: the probe will 
advance toward the target on a straight line and at a predeter 
mined angular relationship to the ultrasound housing base 
from the probe guide opening that is defined by the transducer 
housing, past the exit of the probe guide opening, and, while 
traveling parallel to a plane that can be imaged on a sonogram, 
to the target that is imaged by the ultrasound. Thus, the path of 
the probe and the Sonogram image can both be defined by the 
orientation of the transducer and can be coordinated on the 
target. In order to strike the target, the probe can be merely 
guided along this known path the desired distance. In one 
particular embodiment of the invention, the path of the probe 
can be perpendicular to the base of the ultrasound transducer 
housing at the probe guide opening exit. By use of the dis 
closed targeting devices, the guesswork and difficulties of 
previously known ultrasound guided procedures due to the 
angle between the advancing probe and the image formed by 
the ultrasonic beam can be removed. 

0035. In one embodiment of the present invention, the 
targeting process can be even further improved by the cre 
ation of an image of the known path of travel of the probe or 
an image of the advancing probe itself, a virtual probe’, 
either of which can overlay the sonogram formed by the 
ultrasound device. In one particular embodiment, a motion 
detector can register motion of a probe in the probe guide, and 
that information can be displayed, for instance, as a real time 
image of the probe on a screen or monitor. In this embodi 
ment, the location of the probe tip in relation to the target and 
the moment when the probe tip strikes the target can be seen 
in real time by an operator watching the virtual probe on the 
monitor during the procedure. 
0036. In one embodiment, the presently disclosed inven 
tion is directed to a sterile seal which can cover Surfaces of an 
ultrasound transducer housing that may be near the patient 
and/or the probe. Beneficially, the sterile seal of the present 
invention can include a sterile probe guide. During the pro 
cedure, the sterile probe guide can be located within the probe 
guide opening that passes through the ultrasound transducer 
housing. During a probe insertion procedure, the probe can 
pass through the sterile probe guide and not come into contact 
with the ultrasound transducer housing. The presence of a 
sterile barrier between the ultrasound transducer housing and 
the probe during the procedure can greatly enhance patient 
safety by prevention of infection. In addition, in one embodi 
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ment, the sterile seal can include a sleeve to Substantially 
cover the ultrasound transducer housing. Thus, due to the 
presence of the sterile seal, the ultrasound transducer housing 
and related equipment need not be sterilized after a proce 
dure, and can be ready to be used again with a new sterile seal 
after a simple cleansing procedure. As such, a single ultra 
Sound transducer may be used more frequently, making the 
devices much more economical. 

0037. A removable probe guide is not a requirement of the 
present devices, however. In other embodiments, the probe 
guide may be the probe guide opening. In any case, the 
presently disclosed devices can be utilized to guide a probe on 
a known path of travel from the housing itself directly toward 
a target. 
0038. It should be understood as well that the sterile seal of 
the present invention, while particularly well suited for use 
with the ultrasound devices as herein disclosed, can also be 
utilized with other ultrasound transducers in which a probe 
guide opening is defined by the ultrasound transducer hous 
ing. 
0039. Following successful insertion of a percutaneous 
probe to a target, many procedures require the probe to remain 
at the target for a period of time. For example, during the 
Seldinger technique common for central venous catheter 
placement, a cannulated needle attached to a syringe is first 
guided into a vein. After the needle tip is in the lumen of the 
vein, the needle is held while the syringe is removed from the 
needle and a guide wire is fed down through the needle and 
into the vein. During this process, only a slight movement of 
the needle can cause the needle tip to move out of the vein, and 
the entire procedure must be repeated. 
0040. In order to prevent such motion of the probe tip 
following insertion to a target, one embodiment of the present 
device includes a clamp for the probe. In this embodiment, the 
device can include a clamp which can firmly hold the probe in 
relation to the ultrasound transducer housing and prevent 
motion of the probe during Subsequent procedures Such as 
catheter insertion, biopsy procedures, fluid orgas aspiration, 
or the like. As the ultrasound transducer housing can be much 
easier to hold in place during Such procedures as compared to 
holding only the small probe, motion of the probe tip can be 
much less likely when the probe is securely clamped in rela 
tion to the ultrasound transducer housing and the transducer 
housing is held in the hand and further stabilized by patient 
contact as compared to when only the probe by itself is held 
in the hand 

0041. In accord with the present invention, FIG. 1 illus 
trates one embodiment of an ultrasound transducer housing 
generally 100 according to the present invention. In this 
embodiment, the transducer housing includes an ultrasound 
transducer generally 120 that transmits and receives ultra 
sonic waves. The ultrasound transducer 120 can be any type 
of ultrasound transducer as is generally known in the art. For 
example, in one embodiment, the ultrasound transducer can 
be a piezoelectric transducer formed of one or more piezo 
electric crystalline materials arranged in a two or three-di 
mensional array. Such materials include ferroelectric piezo 
ceramic crystalline materials such as lead Zirconate titanate 
(PZT). In one embodiment, the elements that form the array 
can be individual electrode or electrode segments mounted on 
a single piezoelectric Substrate. Such as those described in 
U.S. Pat. No. 5,291,090 to Dias, which is incorporated herein 
by reference thereto. In general, the ultrasound transducer 
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120 can be formed of multiple elements, however, single 
crystal devices are also encompassed by the present inven 
tion. 
0042. The use of multiple element ultrasound transducers 
can be advantageous in certain embodiments, as the utiliza 
tion of multiple elements can provide an ultrasound trans 
ducer in which the individual elements that make up the array 
can be controlled so as to limit or prevent any break or edge 
effects in the Sonogram which could otherwise occur in those 
embodiments wherein the probe guide opening passes 
through the transducer, e.g., a break in the array of elements 
forming the transducer. For instance, in the present devices, 
the firing sequence of the individual crystals can be manipu 
lated through various control systems and prevent any pos 
sible blind spots in the sonogram as well as to clarify the 
edges of individual biological structures in the Sonogram. 
Such control systems are generally known in the art and thus 
will not be described in detail, 
0043 Ultrasound transducer housing 100 defines a probe 
guide opening 126 that is Substantially perpendicular to both 
the base 128 of the ultrasound transducer housing 100 as well 
as to the plane of the linear ultrasound transducer 120. As 
Such, in this particular embodiment, a probe that is guided 
through the probe guide opening 126 can travel parallel to the 
plane of a sonogram formed by the device and coincident with 
the direction of the emitted ultrasonic beam. Thus, in this 
illustrated embodiment, when the ultrasound transducer 
housing is centered over the target, the probe can merely be 
guided straight down through the field to the depth of the 
target, and the operator can be assured of striking the target 
with the probe, as there is no angle of approach between the 
probe and the target in relation to the direction of the emitted 
ultrasonic beam. 
0044 Generally, the ultrasound transducer 120 can be 
connected via signal wires with a cable 124 that leads to a 
processing unit which processes the data to form a Sonogram 
on a monitor, as is generally known in the art. In the particular 
embodiment as illustrated in FIG. 1, cable 124 is internal to 
handle 122 of the ultrasound transducer housing 100, though 
this is not a requirement of the invention. Handle 122 can 
generally be set at an angle to the base 128 of transducer 
housing 100 so as to be comfortably held in the hand while the 
device is being utilized. 
0045. As can be seen, in this particular embodiment, ultra 
Sound transducer 120 is a linear array that is discontinuous 
across the base 128 of ultrasound transducer housing 100 at 
probe guide opening 126. A probe can be guided through 
probe guide opening 126 and past ultrasound transducer 120 
in a path that is substantially perpendicular to ultrasound 
transducer 120. 
0046. In other embodiments, the geometric arrangement 
of the ultrasound transducer may be varied, as can the location 
of the probe guide opening in relation to the transducer, as 
long as the probe guide opening is defined by the ultrasound 
transducer housing and passes through the base of the trans 
ducer housing. For example, while not meant to be in any way 
limiting, FIGS. 10A-10F illustrate plan views of several 
exemplary orientations for ultrasound transducers 120 of the 
disclosed devices as well as relative locations for probe guide 
openings 126 through the base 128 of the transducer housing. 
FIG. 10A includes a generally circular ultrasound transducer 
120. In this embodiment, the probe guide opening 126 can 
pass through the area enclosed by the transducer, but at the 
center, such that there is no break in the transducer itself. 
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Alternatively, as shown at FIG. 10B the probe guide opening 
126 can pass through the ultrasound transducer 120 at a break 
in the transducer. FIG. 10C illustrates another possible geo 
metric arrangement for the transducer. In this embodiment, 
the ultrasound transducer 120 is generally of a T-shape, with 
the probe guide opening 126 at the center of the intersection 
of the two linear portions of the ultrasound transducer 120. In 
yet another alternative embodiment, shown in FIG. 10D, the 
ultrasound transducer 120 is rectangular, with the probe guide 
opening 126 at the center of the rectangular array. FIG. 10E 
illustrates another embodiment in which the ultrasound trans 
ducer 120 is comprised of two separated sections, with the 
probe guide opening 126 between the two sections of the 
array. In yet another embodiment, the probe guide opening 
126 can be outside the area defined by the ultrasound trans 
ducer 120, though the path of a probe through the probe guide 
opening can still be parallel to the plane of the Sonogram 
formed by the transducer in this embodiment. Any suitable 
planar geometric arrangement for the ultrasound transducer is 
encompassed by the disclosed devices, as is the location of the 
probe guide opening in relation to the ultrasound transducer 
0047. In addition, the presently disclosed devices are not 
limited to linear transducers, such as illustrated in FIG.1. In 
another embodiment, as illustrated in FIG. 11, the ultrasound 
transducer can be a convex transducer, such as is commonly 
used in procedures in which larger targets are imaged by the 
devices. Convex transducers are common, for example, in 
prenatal ultrasound devices and large organ scanning devices. 
Such devices include an ultrasound transducer having an 
arcuate profile, such that the ultrasound beam emitted by the 
device fans out in a wider field. FIG. 11 illustrates one 
embodiment of a convex ultrasound device according to the 
present invention. As can be seen, ultrasound transducer 
housing 200 has a convex base 228. Within ultrasound trans 
ducer housing 200 is ultrasound transducer 220, which has an 
arcuate profile, as shown. Ultrasound transducer housing 200 
defines a probe guide opening 126 that passes through the 
transducer housing 200, through the arcuate base 228, and, in 
this particular embodiment, through the arcuate ultrasound 
transducer 220. In this particular embodiment, probe guide 
opening 126 is perpendicular to the tangent of the arcuate 
base 228 at the exit of probe guide opening 126. In other 
embodiments, the probe guide opening may alternatively be 
at a different angle to the tangent of the base at the opening 
and may be in a different orientation to the probe guide 
opening, as described above in relation to linear transducers. 
0048 Referring again to FIG. 1, transducer housing 100 
defines probe guide opening 126 that passes through ultra 
sound transducer 120. Probe guide opening 126 can include 
recessed portions 111 where the dimensions of probe guide 
opening 126 are slightly increased along a short portion of the 
length of the probe guide opening 126. Recessed portions 111 
can be used to hold a removable probe guide in the probe 
guide opening, as will be further disclosed herein. 
0049. It should be understood that any particular geomet 
ric configuration for transducer housing 100 and its individual 
sections is not essential to the present invention. For instance, 
though FIG. 1 illustrates both ultrasound transducer housing 
100 and probe guide opening 126 both with a substantially 
cylindrical shape, any other shape could be equally utilized. 
For example, the base 128 of transducer housing 100 may be 
oblong, square, or any other Suitable shape. In addition, ultra 
sound housing 100 may extend substantially vertically when 
placed on a surface, as shown in the figures, or may be canted 
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at an angle when the base 128 is placed flat on a surface. In 
certain embodiments, the shape of ultrasound housing 100 
may be particularly designed to fit specific locations of the 
anatomy. For example, ultrasound housing 100 may be 
shaped to be utilized specifically for infraclavicular approach 
to the Subclavian vein, approach to the internal jugular vein, 
or some other specific use. 
0050 in addition, though in preferred embodiments probe 
guide opening 126 can be perpendicular to the flat linear base 
128 of a linear transducer housing as shown in FIG. 1 this is 
not a requirement of the invention. In other embodiments, the 
probe guide opening defined by the ultrasound transducer 
housing and passing through the ultrasound transducer hous 
ing base can be at Some other angle to the base at the probe 
guide opening. 
0051. In one embodiment, probe guide opening 126 can 
serve as a probe guide for a probe directed to a target. In 
another embodiment, a removable probe guide can be placed 
in the probe guide opening. For example, one embodiment of 
the present invention includes a sterile seal including a sterile 
probe guide that can be removably attached within the probe 
guide opening of a transducer housing. FIG. 2 illustrates one 
particular embodimentofa sterile seal, generally, 110 that can 
be utilized in cooperation with ultrasound transducer housing 
100 to provide a sterile barrier between a patient and the 
ultrasound transducer housing 100 during a medical proce 
dure. Sterile seal 110 includes separable top piece, generally, 
112 and bottom piece, generally, 114. Sterile seal 110 can be 
formed of a number of different materials which can be ster 
ilized. For instance, sterile seal 110 can be formed of sterile, 
single-use materials as are generally known in the art Such 
that the entire sterile seal 110 can be properly disposed of 
following a single use. 
0052 Sterile seal 110 includes bottom piece 114 that 
includes a seal base 116 formed of an ultrasonic transmissive 
material. Seal base 116 can be of any suitable size and shape. 
In general, seal base 116 can be between about 0.5 inches and 
about 6 inches on its greatest length. For example, the seal 
base 116 can be about 0.5 inches on its greatest length so as to 
promote stability of the device during use. In other embodi 
ments, it can be larger, however, Such as about 1 inch on its 
greatest length, about 2 inches on its greatest length, or even 
larger. In addition, seal base 116 can generally be of the same 
geometric shape as the base 128 of ultrasound transducer 
housing 100 in order that ultrasound transducer housing base 
128 may be seated firmly in seal base 116 and not slide about 
during use. 
0053 Arising out of seal base 116 is lower portion 118. 
Lower portion 118 defines a portion of probe guide 119 
therethrough. Probe guide 119 extends completely through 
both lower portion 118 and seal base 116. Lower portion 118 
includes a lower section 121 having a cylindrical exterior and 
an upper section 130 having a smaller cylindrical exterior. 
Section 130 may include a removable cap 127 for protection 
of the sterile surface of probe guide 119 during assembly of 
sterile seal 110 with ultrasound transducer housing 100. 
Lower portion 118 also includes tabs 117 that can be utilized 
when assembling sterile seal 110 with ultrasound transducer 
housing 100, as will be further described herein. 
0054) The bottom piece 114 of sterile seal 110 also 
includes sterile drape 132. Sterile drape 132 can be glued or 
otherwise attached to seal base 116. Sterile drape 132 can 
generally beformed from any of a number of suitable flexible, 
pliant materials such as woven or nonwoven web materials 
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commonly used for Sterile drapes or sheeting, or may be 
formed of any other suitable sterilizable, pliant natural or 
synthetic material. Sterile drape 132 is shown in a rolled 
configuration in FIG. 2. Sterile drape 132 can be unrolled to 
cover the upper surfaces of the transducer housing 100 during 
assembly of sterile seal 110 with transducer housing 100 and 
provide a portion of the sterile barrier between the transducer 
housing 100 and a patient during a procedure. In this embodi 
ment, sterile drape 132 and sterile base 116 together form a 
sterile sleeve continuous from one end of the sterile probe 
guide 119 that can substantially cover the outer surfaces of an 
ultrasound transducer housing 100. 
0055 Sterile seal 110 also includes top piece 112. Top 
piece 112 includes upper portion 123 defining an upper sec 
tion of probe guide 119 at one end of upper portion 123 and a 
slightly larger passage 125 continuous with and below the 
upper section of probe guide 119. The larger passage 125 is 
sized so as to snugly reside over upper section 130 of lower 
portion 118 with the base 134 of upper portion 123 sitting on 
the top of section 121 when top piece 112 and bottom piece 
114 are combined during assembly of sterile seal 110. In 
order to assemble sterile seal 110, cap 127 can be removed 
from section 130 of lower portion 118, and upper portion 123 
may slide over lower portion 118 to form uninterrupted probe 
guide 119 extending from the top of top piece 112 all the way 
through the seal base 116 of the bottom piece 114. Top piece 
112 also includes shield 135 and tabs 117, the use of which 
can be further understood with reference to FIG. 3. 

0056 FIG. 3 illustrates a cut-away view of one embodi 
ment of the present invention including ultrasound transducer 
housing 100 held within fully assembled sterile seal 110 
including top piece, generally, 112 and bottom piece, gener 
ally, 114 of sterile seal removably attached to each other. In 
order to better understand the combined configuration illus 
trated in FIG. 3, the assembly process for this particular 
embodiment will now be described in detail. 

0057 Ultrasound transducer housing 100 defining probe 
guide opening 126 is seated in seal base 116 of sterile seal 
bottom piece 114 such that lower portion 118 extends through 
transducer housing probe guide opening 126. Generally, sec 
tion 130 of lower portion 118 will be covered with a protective 
cap 127 (as seen in FIG. 2) during this portion of the assembly 
process. Lower portion 118 should generally be of a length 
such that after ultrasound transducer housing 100 has been 
seated on seal base 116, lower portion 118 can pass com 
pletely through probe guide opening 126 with a portion of 
section 130 extending beyond the top of ultrasound trans 
ducer housing 100. Generally, a small amount of an ultrasonic 
gel can be placed between transducer housing base 128 and 
seal base 116 during seating to prevent any air between the 
two and promote transmission of the ultrasonic waves. As 
transducer housing 100 is slid over lower portion 118, tabs 
117 can slide or snap into recesses 111, helping to lock 
together the sterile seal bottom piece 114 and transducer 
housing 100. After ultrasound transducer housing 100 is 
located on bottom piece 114 of sterile seal 110, sterile drape 
132 can be unrolled to cover the top of transducer housing 100 
including at least a portion of handle 122. Sterile drape 132 
can define a small opening of a size so as to allow that portion 
of section 130 which extends beyond the top of ultrasound 
transducer housing 100 to pass through the sterile drape 132 
when unrolled. At this time, protective cap 127 (not shown in 
FIG. 3) can be removed from lower portion 118 and upper 
portion 123 can be slid onto lower portion 118 and into the 
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transducer housing probe guide opening 126. Such that pas 
sage 125 snugly fits over section 130. Tabs 117 can snap or 
slide into recesses 111 and help locksterile seal top piece 112 
into transducer housing probe guide opening 126. Shield 135 
can press sterile drape 132 against the top of ultrasound 
transducer housing 100 helping to ensure the sterile barrier. 
0058. Following the above described assembly process, 
probe guide 119 can extend continuously from the top of 
sterile seal top piece 112 through the seal base 116. Moreover, 
and of great benefit to the invention, probe guide 119 can be 
sterile and yet still within ultrasound transducer housing 100 
such that the path of a probe guided through probe guide 119 
can be known in relation to the Sonogram formed by use of 
ultrasound transducer 120. 
0059. Following the procedure, sterile seal 110 can be 
disassembled merely by reversal of the assembly process. 
Tabs 117 can be retractable by pulling, twisting, or some other 
leveraction, allowing the upperportion 123 and lower portion 
118 to be removed from the probe guide opening. 
0060. It should be understood that the sterile seal of the 
present invention can be designed with particular character 
istics So as to conform to any shape for any ultrasound trans 
ducer housing as is known in the art. For example, in other 
embodiments, the upper and lowerpieces of a sterile seal may 
be of unitary construction, and need not be removably 
attached to each other but may rather integral with each other. 
In addition, a sterile seal may consist of only a sterile probe 
guide as can be placed within the probe guide opening defined 
by a transducer housing. In other embodiments, a sterile 
sleeve can be formed entirely of a pliant sterile drape that is 
continuous from one end of the sterile probe guide 119. In 
other embodiments, a sterile sleeve can be formed of other 
materials. Such as a formed thermoplastic material, for 
example. In Such an embodiment, the sterile sleeve could, for 
instance, include non-pliable top and bottom portions that 
could be snapped or otherwise attached to each other to sub 
stantially cover an ultrasound transducer housing, while 
defining a passage therethrough Such that movement of a 
probe through the probe guide opening is not impeded by the 
presence of the sterile sleeve. Obviously, a great number of 
possible configurations of the sterile seal may be equally 
effective, the only requirement being that the sterile seal 
includes a sterile probe guide that can be removably received 
within the probe guide opening of the transducer housing. 
0061. In one embodiment, the ultrasound transducer hous 
ing may be hinged on an axis, for instance an axis parallel 
with the probe guide opening. In this particular embodiment, 
the ultrasound transducer housing can have a clamshell like 
configuration that can close about a unitary sterile probe 
guide or even to form the probe guide itself. In another pos 
sible embodiment, the ultrasound transducer housing can 
have an open slot leading from an edge of the transducer 
housing to the transducer housing probe guide opening. In 
this embodiment, a separable, unitary sterile probe guide may 
be slid into the transducer housing probe guide opening from 
the side via this slot. The ultrasound devices of the present 
invention encompass any configuration in which the ultra 
Sound transducer housing defines a probe guide opening 
which passes through the base of the transducer housing. 
0062 According to one embodiment of the present inven 

tion, the ultrasound probe device may include a clamp. A 
clamp may be of any suitable configuration which may, in one 
embodiment, be in mechanical communication with the 
transducer housing to firmly hold a probe in the probe guide 
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opening and limit or prevent motion of a probe tip. This may 
be especially beneficial after insertion of a probe to an internal 
target when it is preferred to have as little motion of the probe 
tip as possible during Subsequent procedures. For example, 
during central venous catheterization, after initial puncture of 
the vein by the cannulated needle and prior to insertion of the 
long guide wire into the vein, motion of the probe tip can 
cause the tip to move out of the vein and necessitate repetition 
of the entire procedure. 
0063 FIGS. 4-6 illustrate one embodiment of a clamp of 
the present invention. Referring to the Figures, an isometric 
view (FIG. 4) and a cut away plan view (FIG. 5) of the 
terminal end of an upper portion 423 is shown. Upper portion, 
generally, 423 has been designed to be fitted with a clamping 
lever 150 shown in FIGS. 6 and 7. In this particular embodi 
ment, upper portion 423 can be formed of a material Such as 
a somewhat pliant plastic material that can be deformed under 
pressure and return to its original shape after the pressure is 
removed. Upper portion 423 defines a cut out 138 which 
extends through the wall of upper portion 423 to the depth of 
probe guide 119 and forms locking tab 140. Upper portion 
423 also includes a cap 142 which can flex so as to allow a 
clamping lever 150 to be removably attached to the upper 
portion 423. 
0064 FIG. 5 illustrates the upper portion 423 of FIG. 4 in 
a cut-away plan view taken along lines V-V. AS can be seen, 
the exterior profile of this portion of upper portion 423 is not 
circular. The profile of upper portion 423 includes a flat sec 
tion 136. Flat section 136 extends a height h (as shown in 
FIG. 4) along a face of upper portion 423. Cut out 138, 
extending from the outer surface of upper portion 423 to 
probe guide 119 can also be seen in the Figures. Locking tab 
140 is that section of upper portion 423 immediately adjacent 
to cut out 138, as shown. 
0065 FIGS. 6 and 7 illustrate a clamping lever 150 
designed to slide over the cap 142 of upper portion 423. 
Clamping lever 150 includes a handle 152 and defines a 
central passage 154. Clamping lever 150 can generally be of 
a heighth so as to Snuggly fit beneath the cap 142 of upper 
portion 423. As can be more clearly seen in FIG. 7, passage 
154 includes a flat section 137 extending from the interior 
surface wall of passage 154 for a short distance. 
0066 FIGS. 8A and 8B illustrate this particular embodi 
ment of a clamp of the present invention after assembly in a 
plan view. Clamping lever 150 can slide over the terminal 
portion of upper portion 423. Cap 142 (not shown in FIGS. 
8A and 8B) can hold clamping lever 150 on upper portion 423 
while cannulated probe 156, can be held with a friction fit in 
probe guide 119 as it is slid through probe guide 119. After the 
probe tip has successfully reached the internal target, clamp 
ing lever 150 can be rotated, as shown by the arrow in FIG. 
8A, to clamp the probe 156 within probe guide 119, as shown 
in FIG. 8B. As the clamping lever is rotated, flat section 137 
of the clamping lever deforms locking tab 140 against the 
probe 156 so as to reduce the size of and/or deform probe 
guide 119 and tightly secure the probe 156 within probe guide 
119 and limit or prevent motion of probe 156. 
0067. The figures illustrate one particular embodiment of 
a clamp, but it should be understood that other embodiments 
of a clamp are also contemplated for use with the presently 
disclosed probe devices, and specific geometric shapes or 
arrangement of components are not critical to the clamp of the 
present invention. For example, the clamp need not be tight 
ened with a rotating clamping lever, as described in the 
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embodiment above, but may optionally be activated by use of 
a trigger mechanism, a key, a push button, a screw, or some 
equivalent activation device. In one embodiment, a rotating 
clamping lever can include a threaded portion for tightening 
the clamp. For example, a rotating mechanism can be used to 
tighten the clamp that includes machine threads or pipe 
threads. Pipe threads may be preferred in one embodiment, as 
pipe threads can provide a secure attachment between por 
tions of the clamp with little rotational distance required to 
tighten the clamp. Additionally, any Suitable tensioning 
device could be utilized to restrict movement of the probe 
with respect to the transducer housing. For example, the 
clamp could include a set Screw or a spring mechanism that 
can push against the probe to secure the probe in the probe 
guide. Additionally, the clamp can secure the probe at any 
point along the probe guide, near the top, as shown in the 
embodiment shown in the figures or optionally farther down 
in the transducer housing. Moreover, the clamp can be inte 
gral to a sterile seal, as shown in the figures, or used only with 
the ultrasound device, when no sterile seal Surrounds any part 
of the ultrasound transducer housing. For instance, the clamp 
may be integral to the transducer housing or removably 
attachable to the ultrasound transducer housing. 
0068. In one preferred embodiment, the clamp can be 
manipulated by the same person as is holding the handle of 
the transducer housing. For instance, after insertion and 
placement of the probe tip at the internal target with one hand, 
the operator can clamp the probe in the device with the other 
hand, which is the same hand that is holding the transducer 
housing at the skin Surface. Thus, in this embodiment, the 
entire targeting procedure may be carried out by a single 
individual. 

0069. Due to the basic mechanics of ultrasound devices 
and particularly of those of the present invention, when the 
probe passes through the probe guide and travels in the body 
and parallel to the plane imaged on the Sonogram, the probe 
itself will be virtually invisible on the sonogram. In fact, in the 
embodiment wherein the probe guide is perpendicular to the 
base of the transducer housing at the probe guide opening, the 
probe can travel coincident with the direction of the beam in 
which case it will not be seen at all by the ultrasound device. 
This is not a problem in the disclosed devices, however, as the 
entire probe path is known when looking at the Sonogram. 
When looking at the Sonogram, the base of the transducer 
housing will be at or near the top edge of the Sonogram. Since 
the point of exit of the probe from the base of the transducer 
housing is known, and the angled relationship between the 
base and the probe path (i.e. the probe guide angle to the base) 
is known, the path the probe will take in the body is known. In 
order to strike the subcutaneous target with the probe, the 
operator need only line up this known path with the imaged 
target. 
0070. In one embodiment of the present invention, the 
known path of the probe can be added to the Sonogram, and 
the targeting procedures can be even further simplified. For 
example, one embodiment of the present invention includes 
the addition of a targeting line on the Sonogram extending 
from that point on the Sonogram where the probe guide open 
ing exits the housing (or passes the transducer) and projecting 
across the ultrasonic field in a straight line at the known angle. 
Thus, if this targeting line is made to intersect the target which 
is imaged by the device, the operator can be confident that the 
probe is accurately directed to the target. In other embodi 
ments, other targeting information can be displayed on the 
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Sonogram. For example, in one embodiment, information 
showing the approach of the probe to the target can be dis 
played. For instance, in one embodiment, a real time image of 
a virtual probe as it travels along the known targeting line can 
be displayed on the Sonogram. 
(0071 FIG. 9 illustrates one embodiment of the present 
invention wherein an image of a virtual probe may be overlaid 
on a Sonogram. In this particular embodiment, the ultrasound 
system can include a detector 158. Detector 158 can recog 
nize and monitor the movement of probe 156 as it enters the 
ultrasound device and passes through probe guide 119 and 
into the body. The probe 156 can then be imaged on a monitor 
164 as probe image 168. The monitor 164 can also show the 
Sonogram 166. 
0072 A variety of different possible detectors as are gen 
erally known in the art may be utilized as detector 158. For 
instance, detector 158 can utilize infrared (IR), ultrasound, 
optical, laser, or other motion detection mechanisms. In addi 
tion, the location of detector 158 is not critical to the inven 
tion. In the embodiment illustrated in FIG. 9, detector 158 is 
located on shield 135 of the sterile seal 110. In other embodi 
ments, however, the detector may be located elsewhere in the 
system including, for example, integral to the transducer 
housing 100, or elsewhere external to the transducer housing 
100, such as on a portion of the probe itself. 
(0073. Signals from detector 158 can be reflected off of 
syringe 170 or alternatively reflected off of some other por 
tion of probe 156 to create a data stream which can be sent to 
processing unit 162 via information cable 159. Processing 
unit 162, which can be, for example, a standard laptop or desk 
top computer processor or part of a self-contained ultrasound 
system as is known in the art, can be loaded with Suitable 
recognition and analysis Software and can receive and ana 
lyze the stream of data from detector 158. The processing unit 
can also include standard imaging Software as is generally 
known in the art to receive data from the ultrasound trans 
ducer via cable 124. Probe 156 can be of a predetermined 
length which can be input data entered into processing unit 
162 by the user or can be preprogrammed into the system as 
a default length. Thus, through analysis of the data stream 
received from detector 158 and from ultrasound transducer 
120, processing unit 162 can be programmed to calculate the 
relative position of the probe tip 157 in relation to the ultra 
Sound transducer 120, in relation to ultrasound transducer 
housing base 128, in relation to detector 158 or to any other 
convenient reference point. Processing unit 162 can commu 
nicate this position information digitally via cable 163 to 
monitor 164 and the information can be displayed on the 
monitor Such as in a numerical format or optionally as a real 
time image of a virtual probe 168 shown in conjunction with 
the Sonogram 166 including an image 167 of the target. Such 
as blood vessel 160. 

0074. In such a manner, the devices of the present inven 
tion can be utilized to actually show the approach of the probe 
toward the target on the monitor throughout the entire proce 
dure. In addition, in certain embodiments, the present inven 
tion can be utilized to ensure the probe tip remains at the target 
during Subsequent procedures. For example, in those embodi 
ments wherein the detector 158 monitors the motion of the 
probe 156 via signals reflected off of probe 156, as long as 
probe 156 remains visible to detector 158, the image 168 of 
probe 156 can remain on the monitor 164. Thus, in this 
particular embodiment, even if syringe 170 is removed to be 
replaced with a guide wire, as in a catheterization procedure, 
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the image 168 of the probe 156 can remain on the monitor 164 
and any motion of the probe tip 157 in relation to the target 
160 can be noted by an observer. 
0075. The presently disclosed ultrasound guided probe 
devices and methods may be utilized in many different medi 
cal procedures. Exemplary applications for the devices can 
include, without limitation 
0076 Central Venous Catheterization 
0077 Cardiac Catheterization (Central Arterial Access) 
0078 Dialysis Catheter Placement 
0079 Breast Biopsies 
0080 Paracentesis 
0081 Pericardiocentesis 
0082 Thoracentesis 
0083. Arthrocentesis 
0084 Lumbar Puncture 
I0085 Epidural Catheter Placement 
I0086 Percutaneous Intravascular Central Catheter (PICC) 
line placement 
I0087. Thyroid Nodule Biopsies 
I0088 Cholecystic Drain Placement 
I0089 Arthroscopic Procedures 
0090 Laparoscopy 
0091. Some of these exemplary procedures have 
employed the use of ultrasound in the past, and all of these 
procedures, as well as others not specifically listed, could 
utilize the disclosed ultrasound guided devices to improve 
procedural safety as well as patient safety and comfort, in 
addition to provide more economical use of ultrasound 
devices. In addition, the presently disclosed devices may be 
utilized with standard probe kits already available on the 
market. 
0092. It will be appreciated that the foregoing examples, 
given for purposes of illustration, are not to be construed as 
limiting the scope of this invention. Although only a few 
exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily 
appreciate that many modifications are possible in the exem 
plary embodiments without materially departing from the 
novel teachings and advantages of this invention. Accord 
ingly, all Such modifications are intended to be included 
within the scope of this invention which is defined in the 
following claims and all equivalents thereto. Further, it is 
recognized that many embodiments may be conceived that do 
not achieve all of the advantages of some embodiments, yet 
the absence of a particular advantage shall not be construed to 
necessarily mean that such an embodiment is outside the 
Scope of the present invention. 

1-55. (canceled) 
56. A medical device for inserting a probe percutaneously 

comprising: 
a monitor, 
a probe configured for being guided to a subdermal loca 

tion; 
an ultrasound transducer housing, said housing including 

an ultrasound transducer for forming a Sonogram of the 
Subdermal location on the monitor, said ultrasound 
transducer housing including an open slot that leads 
from an edge of the transducer housing to a probe guide 
opening, the probe guide opening being an opening 
through which the probe is capable of passing: 

at least one detector integral to the ultrasound transducer 
housing and configured for detecting motion of the 
probe in the probe guide opening, wherein the detectoris 
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different from the ultrasound transducer and wherein the 
detector is at a distance from the probe guide opening 
and from the probe in the probe guide; and 

a processing unit in communication with the at least one 
detector, the monitor, and the ultrasound transducer, the 
processing unit configured for creating and displaying a 
real time image of a virtual probe, the processing unit 
being programmed to analyze data from the at least one 
detector to calculate a relative position of the probe in 
relation to a reference point, the processing unit being 
capable of communicating the relative position to the 
monitor, said relative position being displayed on the 
monitor as the real time image of the virtual probe; and 

the processing unit being further configured for displaying 
on the monitor the real time image of the virtual probe 
overlaid on the Sonogram of the Subdermal location. 

57. The medical probe device of claim 56, further compris 
ing an engageable clamp activatable by a user to selectively 
secure the probe in the probe guide. 

58. The medical probe device of claim 56, wherein the at 
least one detector senses the presence of the probe within the 
probe guide opening. 

59. The medical probe device of claim 56, further compris 
ing a sterilizable seal removably co-operable with said trans 
ducer housing. 

60. The medical probe device of claim 59, wherein the seal 
comprises a first piece and a second piece removably attach 
able to one another. 

61. The medical probe device of claim 56, wherein the 
ultrasound transducer housing is non-invasive. 

62. The medical probe device of claim 56, further compris 
ing a probe guide that is attachable to the ultrasound trans 
ducer house within the probe guide opening. 

63. A method for guiding a percutaneous probe to a target 
comprising: 

guiding a percutaneous probe through a probe guide open 
ing of an ultrasound transducer housing to a subdermal 
location, wherein the ultrasound transducer housing 
includes an ultrasound transducer and includes an open 
slot that leads from an edge of the ultrasound transducer 
housing to the probe guide opening; 

utilizing the ultrasound transducer to form a sonogram of 
the Subdermal location on a monitor, 

detecting the motion of the percutaneous probe in the probe 
guide opening by use of a detector, wherein the detector 
is different from the ultrasound transducer and integral 
to the ultrasound transducer housing and the detector is 
at a distance from the probe guide opening and the probe 
guided through the probe guide opening; 

creating a data stream in response to the detected motion; 
and 

utilizing a processing unit that is in communication with 
the detector, the monitor, and the ultrasound transducer 
to process information contained in the data stream to 
form a real time image of a virtual probe on the monitor, 
the processing unit being programmed to calculate a 
relative position of the probe in relation to a reference 
point, the processing unit being capable of communicat 
ing the relative position to the monitor, said relative 
position being displayed on the monitor as the real time 
image of the virtual probe; and 
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displaying on the monitor the Sonogram and the real time 
image of the virtual probe, the real time image of the 
virtual probe being displayed in conjunction with the 
Sonogram. 

64. The method according to claim 63, the method further 
comprising activating a clamp to grip the probe in the probe 
guide opening when the probe is at the Subdermal location. 

65. The method according to claim 63, the method further 
comprising attaching a probe guide to the ultrasound trans 
ducer housing within the probe guide opening. 

66. The method according to claim 63, the method further 
comprising providing a sterile seal about the ultrasound trans 
ducer housing. 

67. The method according to claim 63, the percutaneous 
probe being guided alongapath, wherein the path of the probe 
defines a line that is within the plane of the Sonogram. 

68. The method according to claim 63, wherein the sub 
dermal location is the lumen of a blood vessel. 

69. The method according to claim 63, wherein the sub 
dermal location is a tissue mass. 

70. The method according to claim 63, wherein the sub 
dermal location is a fluid-filled cavity. 

71. The method according to claim 63, wherein the method 
is carried out by a single operator. 
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