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RETREATING STOP ULTRASOUND NEEDLE
GUIDE

FIELD

[0001] The present disclosure relates to the field of ultra-
sound needle guides, and, more specifically, to variable depth
ultrasound needle guides.

BACKGROUND

[0002] Needle guides may be used to assist in positioning
and guidance of needles in a variety of applications such as
biopsies, fluid aspirations, and regional anesthesia proce-
dures. In some examples, needle guides may be used together
with ultrasound probes in order to guide a needle to a particu-
lar position in a patient’s tissue. For example, a needle guide
may be attached to an ultrasound device to guide a needle
during regional anesthesia procedures.

[0003] The accuracy. precision, and measurement resolu-
tion of needle placement when using needle guides is of
importance to the clinician. While some anatomic targets,
such as the internal jugular vein, are relatively large and
therefore will tolerate guides that lack accuracy, precision, or
resolution, procedures that target small structures or are near
sensitive tissue are less forgiving.

[0004] For most in-plane ultrasound needle guides, the
needle can be visualized throughout its trajectory to the tar-
get, and the clinician may dynamically correct for any short-
comings in the needle guide, or may choose to not use any
needle guide at all. However, for out-of-plane ultrasound
needle guide approaches, the needle is not visible until it
intersects the plane of the ultrasound image, making needle
guides much more useful and the characteristics of the needle
guide more important. Additionally, in some in-plane
approaches, steep needle trajectories make needle visualiza-
tion difficult.

[0005] Some anesthetic procedures, e.g., paravertebral
blocks and lumbar plexus blocks, may be difficult to perform
using in-plane ultrasound needle guide techniques due to the
desired needle depth, presence of anatomical obstructions,
the size/geometry of the ultrasound probe and the altered
needle trajectory created, and the steep angle of needle entry,
for example. Nevertheless, such anesthetic procedures could
benefit from ultrasound guidance.

[0006] Some needle guide approaches have changed the
selected depth by changing the angle at which the needle
penetrates the skin, in a variable-angle style needle guide.
However, such needle guides have a limited number of depths
and angles available, making them unsuitable for the fine
degree of control needed for regional anesthesia. Further-
more, such approaches may not provide any safety mecha-
nism that limits the advancement of the needle, e.g., to reduce
inadvertent puncture of vital structures. Further, some
approaches provide single use guides which employ differ-
ently-shaped clips to achieve different depths, thereby poten-
tially creating confusion during use when selecting the appro-
priate clip for a desired depth. Because of these issues, many
practitioners either do not use an ultrasound probe or “free-
hand’ the needle for these procedures. Further, since such
approaches are considered to be relatively difficult proce-
dures, they may be performed with less frequency relative to
the number of surgeries where patients could obtain benefit
from these blocks.
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SUMMARY

[0007] Thepresentdisclosure is directed to a retreating stop
ultrasound needle guide system which includes a guiding
component which can be positioned at different locations and
angles on a mounting component, where the mounting com-
ponent can be coupled to a distal end of an ultrasound probe.
When positioned at the different locations and angles on the
mounting component, the guiding component can guide a
needle through the skin of a patient at a constant point and
when the needle is advanced so that a hub of the needle
reaches a stop of the guiding component, a tip of the needle is
positioned directly underneath the ultrasound at a pre-se-
lected depth.

[0008] Such a retreating stop ultrasound needle guide sys-
tem may be used in anesthetic procedures, e.g., paravertebral
blocks and lumbar plexus blocks, which may be difficult to
perform using in-plane ultrasound needle guide techniques
due to the desired needle depth, presence of anatomical
obstructions, the size/geometry of the ultrasound probe and
the altered needle trajectory created, and the steep angle of
needle entry, for example.

[0009] Inparticular, such an approach allows a needle to be
guided safely into an anatomic space identified via ultrasound
while preventing the needle from being advanced too far into
vital structures. Such a needle guide system may ensure that
the tip of the needle intersects the plane of the ultrasound
beam at exactly the desired depth and since the needle pen-
etrates the skin at a constant point in this approach, the guide
may show the operator where to penetrate the skin. This can
make the angle of entry more accurate than if it was deter-
mined only by the needle stop, for example.

[0010] Insuch an approach, an increased number of depths
and angles may be used so that increased accuracy, precision,
and measurement resolution may be achieved. This approach
provides a simple, easy-to-use two-part needle guide system
which provides a fine degree of control for regional anesthe-
sia procedures.

[0011] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. Furthermore, the
claimed subject matter is not limited to implementations that
solve any or all disadvantages noted in any part of this dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows an example variable-angle style
needle guide.
[0013] FIG. 2 shows an example needle guide system in

accordance with the disclosure.

[0014] FIG. 3 shows example needle guide dimensions in
accordance with the disclosure.

[0015] FIG. 4 shows anexample needle guide with a needle
inserted at various depths in accordance with the disclosure.
[0016] FIG. 5 shows an example embodiment of a needle
guide system in accordance with the disclosure.

[0017] FIG. 6 shows an example embodiment of a needle
guide system coupled to an ultrasound probe in accordance
with the disclosure.

[0018] FIG. 7 shows a schematic illustration of an example
prior art variable angle needle guide.
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[0019] FIG. 8 shows an ultrasound image during a simu-
lated application of a needle guide in accordance with the
disclosure.

DETAILED DESCRIPTION

[0020] The following description is directed to a retreating
stop ultrasound needle guide system which includes a guiding
component which can be positioned at different locations and
angles on an ultrasound mounting component thereby pro-
viding a fine degree of control for regional anesthesia proce-
dures, for example. In the following detailed description,
reference is made to the accompanying drawings which form
a part hereof, and in which are shown by way of illustration
embodiments that may be practiced. It is to be understood that
other embodiments may be utilized and structural or logical
changes may be made without departing from the scope.
Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of embodiments is
defined by the appended claims and their equivalents. The
description may use the terms “embodiment” or “embodi-
ments,” which may each refer to one or more of the same or
different embodiments. Furthermore, the terms “compris-
ing,” “including,” “having,” and the like, as used with respect
to embodiments, are synonymous.

[0021] Ultrasound coupled needle guides are instruments
that guide a needle to a particular position in a patient’s tissue
and therefore may be described in terms of their accuracy,
precision, and measurement resolution. Accuracy generally
denotes a system’s degree of closeness to a true value, preci-
sion refers to the ability for repeated measurements to obtain
the same value, and measurement resolution refers to the
ability of the instrument to make fine distinctions in measure-
ments. For example, if one considers two hypothetical needle
guides designed to position a needle 1 cm in the patient’s
tissue, their accuracy would refer to how close an average of
repeated measurements would be to 1 cm, precision would
refer to the spread of values during repeated measurements,
and measurement resolution would refer to the distance to the
neighboring settings on the needle guide.

[0022] The accuracy. precision, and measurement resolu-
tion of needle placement when using needle guides is of
obvious importance to the clinician. While some anatomic
targets, such as the internal jugular vein, are relatively large
and therefore will tolerate guides that lack accuracy, preci-
sion, or resolution, procedures that target small structures or
are near sensitive tissue are less forgiving.

[0023] For in plane needle guides, the needle can be visu-
alized throughout its trajectory to the target, and the clinician
may dynamically correct for any shortcomings in the needle
guide, or may choose to not use any needle guide at all.
However, for out-of-plane approaches, the needle is not vis-
ible until it intersects the plane of the ultrasound image,
making needle guides much more useful and the characteris-
tics of the needle guide more important.

[0024] There are a number of anesthetic procedures that are
difficult to perform using an in-plane technique but nonethe-
less could benefit from ultrasound guidance. These include
paravertebral blocks and lumbar plexus blocks. Ultrasound
approaches have been described for both of these blocks
using an in-plane approach; however, due to the depth, pres-
ence of bony obstructions, and presence of other vital struc-
tures such as the lung, many clinicians find these blocks
difficult to perform using an in-plane technique. In-plane
techniques using needle guides have also been described for
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lumbar epidural placement however, with such in-plane tech-
niques the size of the ultrasound probe and the altered needle
trajectory can cause practical difficulties.

[0025] The accuracy and precision of a needle guide
depend upon a variety of factors, including manufacturing
tolerances, flexing of the needle as it passes through tissue,
rigidity of the needle guide, etc. The measurement resolution
of the guide, however, is largely a function of the specific
design of the needle guide. In some approaches, variable-
angle style needle guides are used to change the selected
depth by changing the angle at which the needle penetrates
the skin.

[0026] For example, FIG. 1 shows an example variable-
angle style needle guide system 100 with an adjustable angle
needle guiding component 102 coupled to a mounting com-
ponent 104 which can be attached to a distal end of an ultra-
sound probe. In FIG. 1A the angle of the guiding component
102 is positioned at a first angle 0, relative to an ultrasound
probe axis 110 so that when a needle 108 with a hub 106 is
inserted into the guiding component, the needle 108 forms
first angle 0, relative to ultrasound axis 110. F1G. 1B shows
the guiding component 102 positioned at a second angle 0,
less than first angle 6, relative to an ultrasound probe axis
110 so that when needle 108 with hub 106 is inserted into the
guiding component, the needle 108 forms second angle 6,
relative to ultrasound axis 110. In this example, when the
guiding component 102 is adjusted to different angles, the
needle 108 may enter the tissue of a patient at different entry
points. For example, if a plane of the skin of a patient is at a
position 112, then when the guiding component is positioned
at first angle 0, as shown in FIG. 1A, the needle would enter
the skin at the point 114; whereas when the guiding compo-
nent is positioned at second angle 0, as shown in FIG. 1B, the
needle would enter the skin at the point 116 different from
point 114. At these different positions, when the needle 108 is
fully inserted into the guiding component 102 so that the hub
106 interfaces with the guiding component 102, the tip 118 of
the needle 108 may be located at positions offset from the axis
110 of the ultrasound beam.

[0027] Variable angle style needle guides, such as shown in
FIG. 1, may have a limited number of depths and angles
available, making them unsuitable for the fine degree of con-
trol needed for regional anesthesia. Further, regional anesthe-
sia procedures using such variable angle style needle guides
may be difficult to perform using in-plane ultrasound needle
guide techniques due to the desired needle depth, presence of
anatomical obstructions, the size/geometry of the ultrasound
probe and the altered needle trajectory created, and the steep
angle of needle entry, for example. Further still, since in such
variable angle approaches the needle may enter the tissue of a
patient at different entry points, accuracy of needle placement
may be reduced. Additionally, since the tip of the fully
inserted needle may be located at positions offset from the
ultrasound beam in such approaches, a needle guide operator
may be unable to view the final location of the needle via the
ultrasound image thereby further reducing accuracy of needle
placement.

[0028] In order to address these issues, a retreating stop
ultrasound needle guide system is described. As described in
more detail below, such a retreating stop ultrasound needle
guide system may include a guiding component which can be
positioned at different locations and angles on a mounting
component, where the mounting component can be coupled
to a distal end of an ultrasound probe. When positioned at the
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different locations and angles on the mounting component,
the guiding component can guide a needle through the skin of
a patient at a constant point and when the needle is advanced
so that a hub of the needle reaches a stop of the guiding
component, a tip of the needle is positioned directly under-
neath the ultrasound at a pre-selected depth.

[0029] FIG. 2 shows an example needle guide system 200
which comprises two parts, one of which attaches to the
ultrasound (mounting component 202), and one of which
provides a groove or channel through which a needle can be
inserted (guiding component 216). Needle guide system 200
may be used for out-of-plane ultrasound needle placement
where the needle is not visible until it intersects a plane or axis
206 of the ultrasound image. The mounting component 202
may be easily attached and detached from an ultrasound
probe via a clip 212 before, during, or after a regional anes-
thesia procedure and the guiding component 216 may be
easily attached and detached at different locations 210 on the
mounting component 204 before, during, or after a regional
anesthesia procedure.

[0030] The needle guide system 200 may be manufactured
in any suitable manner and may be composed of any suitable
materials or combinations of materials. As one example, the
mounting component 202 and the guiding component 216
may be manufactured using injection molding, e.g., based on
CAD drawings.

[0031] The mounting component 202 comprises a planar
mounting surface 204 offset from an ultrasound probe axis
206. The mounting component 202 further includes a clip 212
positioned on a side 214 of the mounting surface 204 adjacent
to the probe axis 206. The clip is configured to engage with a
distal end of an ultrasound probe so that the probe axis 206
corresponds to an ultrasound beam or plane of the ultrasound
probe. In particular, when the mounting component 202 is
coupled to a distal end of an ultrasound probe, the mounting
surface 204 may be positioned substantially perpendicular to
the ultrasound probe in substantially the same plane as the
ultrasound probe axis 206.

[0032] Theclip 212 may have any suitable form configured
to engage with features on a distal end of an ultrasound probe.
As one example, as shown in FIG. 2, the clip may comprise
two opposing tabs 261 and 262 extending from a back wall
263 adjacent to side 214 of mounting surface 204. An out-
wardly extending lip 267 may be included at adistal end of tab
261 and an outwardly extending lip 268 may be included at a
distal end of tab 262. Further, two protrusions 265 and 266
may extend from a top surface of the back wall 263. These
features of the clip may be configured to engage with comple-
mentary features on the distal end ofan ultrasound probe, e.g.,
as shown in FIG. 6 described below.

[0033] The planar mounting surface 204 includes a slot,
e.g., slot 208, at each of a plurality of different predetermined
locations 210 on the mounting surface. Each of the plurality
of different predetermined locations 210 on the mounting
surface corresponds to a different predetermined depth along
the probe axis 206 below the plane 203 positioned below and
perpendicular to the mounting surface. Each slot in mounting
surface 204 may take any suitable form and may be config-
ured to mate with a corresponding tab 220 on the guiding
component 216 so that the guiding component 216 is releas-
ably coupled to the mounting surface at the location associ-
ated with that slot and is held in a fixed position relative to the
planar mounting surface at that location.
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[0034] Insomeexamples,eachslot,e.g., slot 208, at each of
the plurality of different predetermined locations 210 on the
mounting surface may comprises a pair of apertures or holes,
e.g., slot 208 may comprises a pair of apertures 209 and 211.
In this way, in some examples an array of apertures or holes
may be included on mounting surface 204. In particular, each
slot 208 corresponds to a particular location on the mounting
surface at each of the different predetermined locations 210.
When each slot comprises a pair of apertures, the location of
that slot may correspond to a midpoint between the apertures
in the pair of apertures. For example, the location of slot 208
may correspond to midpoint 213 positioned between aper-
tures 211 and 213 comprising slot 208. In this example, the
tab 220 on guiding component 216 may comprise a pair of
rods or projections 221 and 223 configured to mate with each
pair of apertures. For example, projection 221 may be con-
figured to mate with aperture 208 and projection 223 may be
configured to mate with aperture 211 when tab 220 is coupled
to slot 208 at location 213 on mounting surface 204. It should
be understood that the example slots and tabs described above
are provided by way of example and other types of slots and
tabs are contemplated. For example, each slot may comprise
arectangular or hexagonal aperture and the tab may comprise
a rectangular or hexagonal protrusion configured to be
inserted into the rectangular or hexagonal aperture in the
mounting surface to hold the guiding component in a fixed
position relative to the mounting surface.

[0035] The guiding component 216 includes a linear chan-
nel 218 extending therethrough which is sized to receive a
needle but preclude advancement of the needle through the
linear channel beyond a hub of the needle. The guiding com-
ponent 216 may comprise two opposing sides 271 and 273
parallel to channel 218, two opposing faces 280 and 281
perpendicular to channel 218, and a bottom surface 283 from
which the tab 220 extends. The linear channel 218 through
guiding component 216 may take any suitable form, e.g., the
linear channel may be a linear groove or a cylindrical orifice
with a constant diameter extending through the body of the
guiding component from back face 281 to front face 280 ina
direction parallel to opposing sides 271 and 273.

[0036] In some examples, mounting component 202 may
include a needle entry point guide element 290 extending
from the mounting surface 204 adjacent to a bottom side 291
of the mounting surface 204. For example, as shown in FIG.
2, the needle entry point guide element 290 may comprise a
block 292 extending perpendicularly from the mounting sur-
face 204 near the bottom side 291 of the mounting surface
204. The block 292 may include a divot or notch 294 config-
ured to hold a needle in place to direct the needle toa common
needle entry point in the skin of a patient, e.g., point 308
described below.

[0037] The tab 220 included on guiding component 216 is
configured to separately and releasably engage with each slot
at each of the plurality of different predetermined locations
210 on the mounting surface to hold the guiding component in
a fixed position relative to the planar mounting surface at that
location. For example, as remarked above, the tab 220 of the
guiding component 216 may comprise a pair of projections
221 and 223 configured to mate with each pair of apertures at
each of the different locations 210 on mounting surface 204.
[0038] As remarked above, each slot on mounting surface
204 corresponds to a different predetermined depth along the
probe axis 206 below the plane 203 positioned below and
perpendicular to the mounting surface. Thus, in some
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examples, indicia, markings, or labels, e.g., the indicia D,
through D, shown on FIG. 2, may be included on mounting
surface 204 adjacent to each predetermined location indicat-
ing the depth corresponding to that location. The indicia may
be included on mounting surface 204 in any suitable way, e.g.,
indicia may be printed onto the surface, attached to the sur-
face via an adhesive, engraved into the surface, color-coded
on the surface, etc. For example, a marking D, is shown in
FIG. 2 on surface 204 adjacent to slot 208 indicating that the
location 213 associated with slot 208 corresponds to a depth
D, along the probe axis 206 below the plane 203 positioned
below and perpendicular to the mounting surface. In particu-
lar, each slot in mounting surface 204 may be labeled with a
particular depth, or labeled with a suitable indication of the
particular depth, and positioned such that when the tab 220 of
the guiding component 216 is inserted into the slot, advancing
a needle through the channel 218 of the guiding component
216 to the hub of the needle will position the needle tip to a
depth in the center of the ultrasound beam designated by the
labels on the mounting surface.

[0039] Instead of changing only the angle of needle inser-
tion, a retreating stop needle guide, such as shown in FIG. 2,
moves the position and angle of a needle stop, i.e., the guiding
component, to guide a needle to a particular location. The
retreating stop needle guide could have the slots in a variety of
configurations across the mounting surface 204. A simple
example design would keep the needle trajectory at a constant
angle, and move the slots upward along the mounting surface
in a vertical line to change the depth. However, there are
several drawbacks to this simple approach. For example, in
such a simple approach, keeping the angle constant may limit
either the minimum (if a steep angle is chosen) or maximum
(if a shallow angle is chosen) depth that can be achieved.
Further, in such a simple approach, the point at which the
needle penetrates the skin may change with the selected
depth, moving further away with a deeper setting, making the
guide less useful for blocks that require a steep trajectory, for
example.

[0040] In order to address these issues, the locations of the
slots on the mounting surface may be selected so that when
positioned at the different locations 210 on the mounting
component 204, the guiding component 216 can guide a
needle through the skin of a patient at a constant point and
when the needle is advanced so that a hub of the needle
reaches a stop of the guiding component, a tip of the needle is
positioned directly underneath the ultrasound at a pre-se-
lected depth. Such an approach may ensure that the tip of the
needle intersects the plane of the ultrasound beam at exactly
the desired depth and since the needle penetrates the skinat a
constant point in this approach, the guide may show the
operator where to penetrate the skin. This can make the angle
of entry more accurate than if it was determined only by the
needle stop, for example.

[0041] Inorder to ensure that the needle penetrates the skin
ata constant point and the tip of the needle intersects the plane
of the ultrasound beam at exactly the desired depth, the pre-
determined locations 210 may be selected based on a math-
ematical formula in order to simultaneously adjust both the
angle and the depth of the guiding component 216 to deliver
the tip of a needle at a desired location.

[0042] For example, FIG. 3 shows example needle guide
dimensions and geometry to illustrate an example selection of
predetermined slot locations 210 on the mounting surface
204. Like-numbered elements shown in FIG. 3 correspond to
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like-numbered elements shown in FIG. 2 described above. It
should be understood that the example coordinates for the
predetermined locations 210 on mounting surface 204 are
given for illustrative purposes and should not be taken in a
limiting sense. In particular, any suitable coordinates based
on any suitable constrains may be used to describe the differ-
ent locations of the slots on mounting surface 204.

[0043] FIG. 3 shows mounting component 202 coupled toa
distal end of an ultrasound probe 302 via a clip 212 attached
to mounting surface 204. An ultrasound probe axis 206 may
correspond to a plane of an ultrasound beam of the ultrasound
probe. A coordinate system comprising an x-axis and a y-axis
is shown in FIG. 3. FIG. 3 shows a guiding component 216
coupled to the mounting surface 204 at two different example
positions indicated at 304 and at 306 in FIG. 3. FIG. 3 also
shows a needle 301 fully inserted through the linear channel
of the guiding component 216 such that a hub of the needle
301 interfaces with the guiding component to preclude any
further advancement of the needle through the linear channel.
The length of the fully inserted needle is labeled “L” in FIG.
3.

[0044] With reference to FIGS. 2 and 3, when the guiding
component 216 is coupled to different locations in the plural-
ity of predetermined locations 210 on mounting surface 204,
the angle of a central axis 222 extending through the linear
channel of the guiding component takes on different values.
For example, when the guiding component 216 is coupled to
the mounting surface at a first position 304 shown in FIG. 3,
the central axis 222 forms an angle 0, relative to the probe
axis 206; and when the guiding component 216 is coupled to
the mounting surface at a second different position 306 shown
in FIG. 3, the central axis 222 forms an different angle 0,
relative to the probe axis 206.

[0045] Thepredetermined locations 210 may be selected so
that for each location of the plurality of different predeter-
mined locations 210 on the mounting surface 204, when the
tab 220 of the guiding component 216 is engaged with the slot
at that location, the following conditions are met: (1) the
central axis 222 extending through the linear channel 218 of
the guiding component 216 is substantially parallel to the
planar mounting surface 204 and offset from the planar
mounting surface 204 by substantially the same distance, (2)
the central axis 222 intersects substantially the same point
308 in a plane 203 positioned below and perpendicular to the
mounting surface 204, and (3) the distance between the guid-
ing component 216 and the probe axis 206 along the central
axis 222 is the substantially the same distance. For example,
for each location of the plurality of different predetermined
locations 210 on the mounting surface 204, when the tab 220
of the guiding component 216 is engaged with the slot at that
location, the distance between the guiding component 216
and the probe axis 206 along the central axis 22 may be
substantially the same as the length, L, as the fully inserted
needle 301. Further, the common intersection point 308 may
correspond to the intersection of the x-axis and y-axis shown
in FIG. 3 which may, in turn, correspond to a fixed tissue
insertion point of the needle when deployed through the guid-
ing component 216 at each of the different locations 210 on
the mounting surface 204.

[0046] Thecoordinate system shown in FIG. 3 has an origin
at the common intersection point 308 where the central axis
222 of the linear channel 218 of the guiding component 216
intersects the plane positioned below and perpendicular to the
mounting surface 204 when the tab 220 of the guiding com-
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ponent 216 is engaged with the slot at each location of the
plurality of different predetermined locations 210 on the
mounting surface. Further, the x-axis extends through the
origin 308 in the plane 203 positioned below and perpendicu-
lar to the mounting surface 204 and parallel to the plane of the
mounting surface 204, and the y-axis extends through the
origin 308 parallel to the probe axis 206 and parallel to the
plane of the mounting surface 204. In FIG. 3, F refers to the
distance between the origin 308 and the point of intersection
331 of the x-axis with the probe axis 206, and D, and D, are
example predetermined depths D along the probe axis 206
below the plane 203 positioned below and perpendicular to
the mounting surface 204.

[0047] As an example, the plurality of different predeter-
mined locations 210 on the mounting surface may be defined
by coordinates (X, y) in the coordinate system shown in FIG.
3 and described above, where the coordinates (x, y) are
defined by the following equations:

12 12
X=— Dz——F,y: FZ—_D’
(ﬁ+1] (ﬁ”]

where F is the distance between the origin 308 and the point
of intersection 331 of the x-axis with the probe axis 206, L is
the length of the needle, and D is a predetermined depth along
the probe axis. Further, when the tab 220 of the guiding
component 216 is engaged with a slot at a location in the
plurality of different predetermined locations 210 on the
mounting surface, the angle, 8, formed between the central
axis 222 extending through the linear channel 218 of the
guiding component 216 and the probe axis 206 may be
defined by the following equation:

tan 6=F/D,

where D is the predetermined depth which corresponds to the
location of the slot.

[0048] For example, with reference to FIG. 3, when the
guiding component 216 is coupled to the mounting surface
204 at the position shown at 304, the coordinates (x,y) of the
location of the guiding component 216 on the mounting sut-
face may be described as:

12 12
x=- T_F’y: F2—_Dla
_24.1] —2+1
F D;

and the angle of the central axis 222 relative to the probe axis
206 may be defined as:

tan 6,=F/D,.

Likewise, when the guiding component 216 is coupled to the
mounting surface 204 at the position shown at 306, the coor-
dinates (x,y) of the location of the guiding component 216 on
the mounting surface may be described as:
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and the angle of the central axis 222 relative to the probe axis
206 may be defined as:

tan 0, =F/D>.

[0049] The predetermined depths D along the probe axis
206 below the plane 203 positioned below and perpendicular
to the mounting surface 204 may be preselected to have any
suitable resolution and intervals. For example, distances
along the probe axis between each depth in the predetermined
depths selected to be in a range of approximately 2-3 milli-
meters. As such, any suitable number of different slot loca-
tions 210 on the mounting surface 204 may be used to achieve
a desired depth resolution and interval. For example, as
shown in FIG. 2, ten different locations 210 may be chosen to
achieve a desired needle depth resolution.

[0050] FIG. 4 shows an example model of a needle guide
with a needle inserted at various depths. In the example
shown in FIG. 4, there are ten different predetermined slot
locations 210 on mounting surface 204 to which the guiding
component 216 may be coupled in order to achieve 10 differ-
ent depths along the probe axis, D, through D, at which the
tip of the needle 301 intersects the ultrasound plane. As shown
in FIG. 4, the predetermined depths may occur at regular
intervals as determined by the desired measurement resolu-
tion.

[0051] FIG. 5§ shows an example embodiment of a needle
guide system 200 in accordance with the disclosure. Like-
numbered elements shown in FIG. 5 correspond to like-num-
bered elements shown in the previous figures and described
above. In FIG. 5, a human hand is shown illustrating the
relative scale of various dimensions of components of the
needle guide system 200. FIG. 5 shows a needle 301 fully
inserted through a guiding component 216 coupled to the
mounting surface at a selected location. FIG. 6 shows an
example embodiment of a needle guide system 200 fabricated
via 3-D printing and coupled to an ultrasound probe 302.
Like-numbered elements shown in FIG. 6 correspond to like-
numbered elements shown in the previous figures and
described above. In particular, FIG. 6A shows the needle
guide attached to an ultrasound head, FIG. 6B shows the
guide after the operator has selected a depth, inserted the
guiding component, i.e., depth stop, and advanced the needle,
and FIG. 6C shows the guide with a deeper depth selected.

[0052] The above-described retreating stop needle guide is
able to offer increased measurement resolution when com-
pared to the variable angle needle guide shown in FIG. 1
because both the angle of needle entry and the depth of the
needle are changed when changing settings. For example,
consider a retreating stop needle guide with settings that are
spaced 2.5 mm apart such that the pair of apertures or holes in
the mounting surface 204 for one setting is 2.5 mm above or
below the previous set, as well as slightly rotated. Assuming
that the radius of the apertures is less than 2.5 mm, this can be
easily fabricated without the apertures overlapping. In con-
trast, variable angle needle guides rotate the guiding structure
without translating it, causing the needle tracks to overlap
when the measurement resolution is too small.
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[0053] For example, FIG. 7 shows an example of two pos-
sible needle paths in a variable angle needle guide, such as the
variable angle needle guide shown in FIG. 1. In FIG. 7, L
refers to the length from the pivot point of the needle to the
entry hole in the needle guide, 8 refers to the change in angle
between two depth settings, r refers to the radius of the needle
guide holes, F refers to the offset between the pivot point and
the plane of the ultrasound, and ¢ is the angle between the
needle and the perpendicular to the ultrasound beam plane. In
this example, the minimum angular change that keeps the
needle guide paths distinct is given by the formula: LO<r. The
minimum acceptable angular change can then be used to
calculate the measurement resolution of the guide. Based on
the geometry shown in FIG. 7, the formula for measurement
resolution is R=F (tan(¢+0)~tan(¢)). Though the measure-
ment resolution of a variable angle needle guide may be a
more complex function of the needle radius, the offsets from
the pivot point, and the target depth, most variable angle
needle guides offer a measurement resolution of approxi-
mately 1 ecm which is significantly lower that resolutions
which may be achieved using the retreating stop needle guide
described herein.

[0054] Though, the problem of overlapping needle guide
paths in variable angle needle guides may be addressed by
making the needle guide path detachable, e.g., by included a
variety of different angles in a kit, and allowing the operator
to choose the desired angle and depth, such an approach may
rely on a number of different detachable components thereby
potentially increasing complexities of use. For example, a kit
with measurement resolution of 2.5 mm and selectable depths
between 2 and 6 cm may use 17 different detachable compo-
nents, making this option undesirable. Another advantage of
retreating stop compared to variable angle needle guides is
that the needle cannot be advanced beyond the plane of the
ultrasound. Variable angle needle guides, ifused out of plane,
may require the operator to see the tip of the needle appear in
the ultrasound image, which may be difficult for smaller
needles at greater depths.

[0055] The retreating stop needle guide shown in FIGS. 5
and 6 was tested for accuracy. In particular, the retreating stop
needle guide was mounted on a linear probe for a portable
ultrasound (manufactured by Sono-Site). A 100 mm, 21
gauge SonoPlex Sim cannula manufactured by Pajunk was
loaded into the needle guide, and inserted into an ultrasound
training model (manufactured by Blue Phantom). To ensure
good contact between the ultrasound training model and the
ultrasound probe, the needle guide was mounted 2 mm above
the tip of the probe instead of flush with the tip; for this reason
all measurements were shifted by 2 mm upward, this was then
corrected for after the measurement. The needle tip was iden-
tified by ultrasound (Sono-Site) and the depth to the needle tip
measured using a built in calipers function. FIG. 8 shows an
ultrasound image during this simulated application of the
needle guide.

[0056] In the simulation, the depth to the needle tip was
measured at settings that corresponded to 3.5, 4.0, and 4.5 cm.
At greater depths, the needle tip became increasingly difficult
to identify, and when it was identified it was often elongated,
making the measurement process difficult. Because of this, no
measurements greater than 4.5 cm were attempted. The mea-
surements were repeated five times to assess the accuracy and
reproducibility of the guide. The results of the simulation are
shown in Table 1 which shows a comparison between depth
settings and average measured depths by the ultrasound.
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TABLE 1

Depth Setting (cm) 3500  4.000 4.500

Average Measured Depth (cm) 3520 4.044 4.526

Standard Deviation (cm) 0029  0.049 0.048

[0057] As demonstrated by the simulation results, the
retreating stop needle guide demonstrated relatively good
accuracy in achieving the desired depths and may be reliably
used in anesthetic procedures, e.g., paravertebral blocks and
lumbar plexus blocks, which may be difficult to perform
using in-plane ultrasound needle guide techniques. In such an
approach, an increased number of depths and angles may be
used so that increased accuracy, precision, and measurement
resolution may be achieved.

[0058] Itis to be understood that the configurations and/or
approaches described herein are exemplary in nature, and that
these specific embodiments or examples are not to be consid-
ered in a limiting sense, because numerous variations are
possible. The subject matter ofthe present disclosure includes
all novel and nonobvious combinations and subcombinations
of the various processes, systems and configurations, and
other features, functions, acts, and/or properties disclosed
herein, as well as any and all equivalents thereof.

1. A needle guide system, comprising:

amounting component, the mounting component compris-
ing:

a planar mounting surface offset from a probe axis, the
planar mounting surface including a slot at each of a
plurality of different predetermined locations on the
mounting surface; and

a clip positioned on a side of the mounting surface adja-
cent to the probe axis;

a guiding component with a linear channel extending
therethrough, the guiding component including a tab
configured to separately and releasably engage with
each slot at each of the plurality of different predeter-
mined locations on the mounting surface to hold the
guiding component in a fixed position relative to the
planar mounting surface at that location;

wherein, for each location of the plurality of different pre-
determined locations on the mounting surface, when the
tab of the guiding component is engaged with the slot at
that location:
acentral axis extending through the linear channel ofthe

guiding component is substantially parallel to the pla-
nar mounting surface and offset from the planar
mounting surface by substantially the same distance,
the central axis intersects substantially the same point
in a plane positioned below and perpendicular to the
mounting surface, and the distance between the guid-
ing component and the probe axis along the central
axis is the substantially the same distance.

2. The system of claim 1, wherein the clip is configured to
engage with a distal end of an ultrasound probe and the probe
axis corresponds to an ultrasound beam of the ultrasound
probe.

3. The system of claim 1, wherein the linear channel is
sized to receive a needle and preclude advancement of the
needle through the linear channel beyond a hub of the needle.

4. The system of claim 3, wherein, for each location of the
plurality of different predetermined locations on the mount-
ing surface, when the tab of the guiding component is
engaged with the slot at that location, the distance between
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the guiding component and the probe axis along the central
axis is substantially the same as the length of the needle.

5. The system of claim 1, wherein each slot at each of the
plurality of different predetermined locations on the mount-
ing surface comprises a pair of apertures and wherein the tab
of the guiding component comprises a pair of projections
configured to mate with each pair of apertures.

6. The system of claim 1, wherein each of the plurality of
different predetermined locations on the mounting surface
corresponds to a different predetermined depth along the
probe axis below the plane positioned below and perpendicu-
lar to the mounting surface, and wherein, for each location of
the plurality of different predetermined locations on the
mounting surface, when the tab of the guiding component is
engaged with the slot at that location, the distance between
the guiding component and the probe axis along the central
axis is substantially the same as the length of the needle.

7. The system of claim 6, wherein the plurality of different
predetermined locations on the mounting surface are defined
by coordinates (X, y) in a coordinate system with an origin at
the same point where the central axis of the linear channel of
the guiding component intersects the plane positioned below
and perpendicular to the mounting surface when the tab of the
guiding component is engaged with the slot at each location
of the plurality of different predetermined locations on the
mounting surface, an x-axis extending through the origin in
the plane positioned below and perpendicular to the mounting
surface and parallel to the plane of the mounting surface, and
ay-axis extending through the origin parallel to the probe axis
and parallel to the plane of the mounting surface, and where
the coordinates (x. y) are defined by the following equations:

where F is the distance between the origin and the point of
intersection of the x-axis with the probe axis, L is the
length of the needle, and D is a predetermined depth
along the probe axis.

8. The system of claim 7, wherein, when the tab of the
guiding component is engaged with a slot at a location in the
plurality of different predetermined locations on the mount-
ing surface, the angle, 6, formed between the central axis
extending through the linear channel of the guiding compo-
nent and the probe axis is defined by the following equation:

tan 8=F/D,

where D is the predetermined depth which corresponds to
the location of the slot.

9. The system of claim 8, wherein each slot at each of the
plurality of different predetermined locations on the mount-
ing surface comprises a pair of apertures and wherein the
location of that slot is defined as the midpoint between the
apertures in the pair of apertures, and wherein the tab of the
guiding component comprises a pair of projections config-
ured to mate with the pair of apertures so that the angle, 6,
formed between the central axis extending through the linear
channel of the guiding component and the probe axis is
defined by the following equation

tan O=F/D
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where D is the predetermined depth which corresponds to
the location of the slot.

10. The system of claim 1, wherein the plurality of different
predetermined locations on the mounting surface correspond
to predetermined depths along the probe axis below the plane
positioned below and perpendicular to the mounting surface
and wherein the mounting surface includes indicia adjacent to
each predetermined location indicating the depth correspond-
ing to that location.

11. The system of claim 10 wherein distances along the
probe axis between each depth in the predetermined depths
are in a range of approximately 2-3 millimeters.

12. The system of claim 1, wherein the needle guide system
is an out-of-plane needle guide system.

13. The system of claim 1, further comprising a needle
entry point guide element extending from a bottom side ofthe
mounting surface and including a notch to hold a needle in
place to direct the needle to the same point where the central
axis of the linear channel of the guiding component intersects
the plane positioned below and perpendicular to the mounting
surface when the tab of the guiding component is engaged
with the slot at each location of the plurality of different
predetermined locations on the mounting surface.

14. An out-of plane ultrasound needle guide, comprising:

amounting component, the mounting component compris-
ing:

a planar mounting surface offset from a probe axis, the
planar mounting surface including a slot at each of a
plurality of different predetermined locations on the
mounting surface; and

a clip positioned on a side of the mounting surface adja-
cent to the probe axis, wherein the clip is configured to
engage with a distal end of an ultrasound probe and
the probe axis corresponds to an ultrasound beam of
the ultrasound probe;

a guiding component with a linear channel extending
therethrough, wherein the linear channel is sized to
receive a needle and preclude advancement of the needle
through the linear channel beyond a hub of the needle,
the guiding component including a tab configured to
separately and releasably engage with each slot at each
of the plurality of different predetermined locations on
the mounting surface to hold the guiding component in a
fixed position relative to the planar mounting surface at
that location;

wherein, for each location of the plurality of different pre-
determined locations on the mounting surface, when the
tab of the guiding component is engaged with the slot at
that location:
acentral axis extending through the linear channel of the

guiding component is substantially parallel to the pla-
nar mounting surface and offset from the planar
mounting surface by substantially the same distance,
the central axis intersects substantially the same point
in a plane positioned below and perpendicular to the
mounting surface, and the distance between the guid-
ing component and the probe axis along the central
axis is the substantially the same as the length of the
needle.

15. The needle guide of claim 14, wherein each slot at each
of the plurality of different predetermined locations on the
mounting surface comprises a pair of apertures and wherein
the tab of the guiding component comprises a pair of projec-
tions configured to mate with each pair of apertures.
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16. The needle guide of claim 14, wherein the plurality of
different predetermined locations on the mounting surface
corresponds to predetermined depths along the probe axis
below the plane positioned below and perpendicular to the
mounting surface

17. The needle guide of claim 16, wherein the mounting
surface includes indicia adjacent to each predetermined loca-
tion indicating the depth corresponding to that location.

18. The needle guide of claim 16, wherein the plurality of
different predetermined locations on the mounting surface
are defined by coordinates (x, y) in a coordinate system with
an origin at the same point where the central axis of the linear
channel of the guiding component intersects the plane posi-
tioned below and perpendicular to the mounting surface when
the tab of the guiding component is engaged with the slot at
each location of the plurality of different predetermined loca-
tions on the mounting surface, an x-axis extending through
the origin in the plane positioned below and perpendicular to
the mounting surface and parallel to the plane ofthe mounting
surface, and a y-axis extending through the origin parallel to
the probe axis and parallel to the plane of the mounting
surface, and where the coordinates (X, y) are defined by the
following equations:
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where F is the distance between the origin and the point of
intersection of the x-axis with the probe axis, L is the
length of the needle, and D is a predetermined depth
along the probe axis, and wherein, when the tab of the
guiding component is engaged with a slot atalocation in
the plurality of different predetermined locations on the
mounting surface, the angle, 0, formed between the cen-
tral axis extending through the linear channel of the
guiding component and the probe axis is defined by the
following equation:

tan 8=F/D,

where D is the predetermined depth which corresponds to
the location of the slot.
19. The needle guide of claim 14, wherein the needle guide
is for paravertebral and lumbar plexus blocks.
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