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(54) NEEDLE ASSEMBLY WITH (57) ABSTRACT
REVERBERATION FEATURE TO
FACILITATE ULTRASOUND GUIDANCE OF
THE NEEDLE ASSEMBLY A needle assembly positionable within anatomy of a patient
) ) under visual guidance from an ultrasound system. The
(71)  Applicant: Andrew J. Butki, Clarkston, MI (US) needle assembly includes an elongate body and a sidewall
) . including an inner surface defining a lumen. A reverberation
(72) Inventor:  Andrew J. Butki, Clarkston, MI (US) feature may include opposing portions of the inner surface
) defining a gap shaped differently than and/or sized smaller
(1) Appl- No.: 16/115,947 than an inner diameter of the lumen. The reverberation
_— feature is configured to reverberate an incident wave to
(22) Filed: Aug. 29, 2018 produce reflected waves, from which a visual artifact is
generated with the ultrasound system. The opposing por-
Publication Classification tions may be disposed at superior and inferior aspects of the
(51) Int. CL sidewall. The reverberation feature may include opposing
A6IB 17/34 (2006.01) planar surfaces oriented parallel or inclined relative to a
A61B 8/08 (2006.01) longitudinal axis, and/or opposing arcuate surfaces extend-
32y U.S. Cl. ng towards the longitudinal axis. Methods of positionin,
(52) ing ds the longitudinal axis. Methods of positioning
CPC .. A61B 17/3403 (2013.01); A6IB 2017/3413 the needle assembly near target anatomy of a patient, for
(2013.01); A61B 17/3417 (2013.01); A61B example within a vessel, under visual guidance are dis-
8/0841 (2013.01) closed.
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NEEDLE ASSEMBLY WITH
REVERBERATION FEATURE TO
FACILITATE ULTRASOUND GUIDANCE OF
THE NEEDLE ASSEMBLY

BACKGROUND

[0001] Percutaneous needle placement is a routine task
performed in associated with any number of medical pro-
cedures, for example therapy delivery, joint aspiration (arth-
rocentesis), tissue collection (biopsy), and the like. Of
particular interest is vascular access, or obtaining access to
a vessel (e.g., vein or artery) for the purpose of intravenous
(IV) therapy or blood sampling. Typically, the IV placement
of the needle relies on the skill and expertise of the treating
medical professional to ensure adequate access while avoid-
ing injury to the surrounding structures. For any number of
reasons, [V access may be difficult, for example, inexperi-
ence of the treating medical professional and/or unreliable,
hidden, collapsed, fragile veins, a phenomena known as
difficult venous access (DVA).

[0002] Ultrasound guidance is becoming increasingly
common in the IV placement of a needle assembly. An
ultrasound system includes an ultrasound device, for
example a handheld probe, which directs incident waves and
receives waves reflected from structures internal to the
patient anatomy. Based on assumptions of the speed of
sound within tissue, the time delay of the reflected waves are
used to create a two-dimensional image of the patient
anatomy. FIG. 1 shows the placement of a needle assembly
20 under guidance from an ultrasound device 22 using an
“out of plane” technique utilized to view the needle in cross
section, and FIG. 2 shows an exemplary output of a display
of an ultrasound system. In particular, FIG. 2 shows the
cross section of the needle assembly 20, and cross sections
of a vein (V) and an artery (A).

[0003] It is of critical importance to identify the location
of the tip of the needle assembly 20 as it is advancing within
the patient anatomy. The known needle assembly of FIGS.
1 and 2, however, is indifferent to this consideration, as it is
not specifically identifiable of where along a shaft of the
needle assembly 20 is intersecting the incident wave of the
ultrasound device 22. As a result, the known arrangement
again relies on the skill and expertise of the treating medical
professional to coordinate positions of the needle assembly
20 and the ultrasound device 22. Moreover, the representa-
tion of the cross section of the needle assembly 20 is often
faint or otherwise difficult to visualize due to a variety of
factors.

[0004] The needle assembly 20 is typically percutaneously
advanced at an angle of approach, identified as 6 in FIG. 1.
With shallower angles of approach, the ultrasound waves
reflected from the needle assembly 20 may be generally
satisfactory for visualization; however, visualization is less
reliable as the angle of approach becomes greater (i.e.,
steeper).

[0005] A known solution is to include removed material
(e.g., etchings or indentations) within a sidewall of a needle
body having a smooth tubular lumen. For example, U.S. Pat.
Nos. 4,401,124 and 9,445,837 disclose features including
removed material that purportedly increases the reflectivity
of the ultrasound waves. The features require particularly
complex geometries, and the reflectivity remains suboptimal
at various angles of approach.
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[0006] Therefore, a need exists in the art for a needle
system and methods of positioning a needle assembly within
the patient anatomy under visual guidance from the ultra-
sound system that overcome one or more of the aforemen-
tioned disadvantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Advantages of the present disclosure will be read-
ily appreciated as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings.
[0008] FIG. 1 is a schematic representation of a known
needle assembly being percutaneously placed under guid-
ance from an ultrasound device.

[0009] FIG. 2 is a display of an ultrasound system illus-
trating the output of positioning the known needle assembly
of FIG. 2.

[0010] FIG. 3 is a side elevation view of a needle assembly
in accordance with an exemplary embodiment of the present
disclosure. An elongate body of the needle assembly is
shown in section.

[0011] FIG. 4 is a detailed view of the needle assembly of
FIG. 3 within rectangle 4-4.

[0012] FIG. 5is a top plan view of the needle assembly of
FIG. 3.
[0013] FIG. 6 is an axial view of the needle assembly of
FIG. 3.
[0014] FIG. 7 is a side elevation view of the needle

assembly of FIG. 3 with a schematic representation of an
incident wave and reflected waves generated by a reverbera-
tion feature.

[0015] FIG. 8 a side elevation view of the needle assembly
of FIG. 3 with a schematic representation of a visual artifact
generated by the ultrasound system based on the reflected
waves of FIG. 7.

[0016] FIG. 9 is a representation of the display of the
ultrasound system showing the artifact of FIG. 8 in relation
to a side elevation view of the needle assembly and vein.
[0017] FIG. 10 is a representation of the display of the
ultrasound system showing the visual artifact of FIG. 8 in
relation to an axial view of the needle assembly and vein.
[0018] FIG. 11 is a side elevation view of a distal portion
of a needle assembly in accordance with another exemplary
embodiment of the present disclosure. An elongate body of
the needle assembly is shown in section.

[0019] FIG. 12 is a top plan view of the needle assembly
of FIG. 11.

[0020] FIG. 13 is an axial view of the needle assembly of
FIG. 11.

[0021] FIG. 14 is a side elevation view of the needle
assembly of FIG. 11 positioned at an angle of approach with
a schematic representation of an incident wave and reflected
waves generated by a reverberation feature.

[0022] FIG. 15 a side elevation view of the needle assem-
bly of FIG. 13 positioned at the angle of approach of FIG.
14 with a schematic representation of a visual artifact
generated by the ultrasound system.

[0023] FIG. 16 is a side elevation view of a distal portion
of a needle assembly in accordance with another exemplary
embodiment of the present disclosure. An elongate body of
the needle assembly is shown in section.

[0024] FIG. 17 is a top plan view of the needle assembly
of FIG. 16.
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[0025] FIG. 18 is an axial view of the needle assembly of
FIG. 16.
[0026] FIG. 19A is a side elevation view of the needle

assembly of FIG. 16 positioned at a first angle of approach
with a schematic representation of an incident wave and
reflected waves generated by a reverberation feature.
[0027] FIG. 19B is a side elevation view of the needle
assembly of FIG. 16 positioned at a second angle of
approach with a schematic representation of an incident
wave and reflected waves generated by a reverberation
feature.

[0028] FIG. 19C is a side elevation view of the needle
assembly of FIG. 16 positioned at a third angle of approach
with a schematic representation of an incident wave and
reflected waves generated by a reverberation feature.
[0029] FIG. 20 is a side elevation view of a distal portion
of a needle assembly in accordance with another exemplary
embodiment of the present disclosure. An elongate body of
the needle assembly is shown in section.

[0030] FIG. 21 is a top plan view of the needle assembly
of FIG. 20.

[0031] FIG. 22 is an axial view of the needle assembly of
FIG. 20.

[0032] FIG. 23 is a schematic diagram of an ultrasound
system for facilitating visual guidance with the needle
assemblies of the present disclosure.

SUMMARY

[0033] According to certain aspects of the present disclo-
sure, a needle assembly is positionable within anatomy of a
patient under visual guidance from an ultrasound system.
The needle assembly includes an elongate body having a
distal end and a proximal end opposite the distal end. The
proximal and distal ends define a longitudinal axis of the
elongate body. A sidewall extends between the proximal and
distal ends. The sidewall includes an outer surface opposite
an inner surface defining a lumen. At least a portion of the
lumen includes an inner diameter. The elongate body
includes a reverberation feature disposed between the proxi-
mal and distal ends. The reverberation feature includes
opposing portions of the inner surface of the sidewall
defining a gap smaller than the inner diameter of the lTumen.
The reverberation feature is configured to reverberate an
incident wave between the opposing portions to produce
reflected waves. The ultrasound system is configured to
generate a visual artifact in response to receiving the
reflected waves to facilitate the visual guidance.

[0034] According to certain aspects of the present disclo-
sure, a needle assembly includes an elongate body having a
beveled tip. The beveled tip defines a distal end of the
elongate body and configured to penetrate the anatomy of
the patient. The beveled tip includes a point defining an
inferior aspect of the elongate body, and a heel defining a
superior aspect of the elongate body. The elongate body
further includes a proximal end opposite the distal end. The
distal and proximal ends define a longitudinal axis of the
elongate body. The elongate body includes a sidewall
extending between the beveled tip and the proximal end. The
sidewall includes an outer surface opposite an inner surface
defining a lumen. At least a portion of the lumen includes an
inner diameter. A reverberation feature includes an upper
portion of the inner surface at the superior aspect and a lower
portion of the inner surface at the inferior aspect to define a
gap shaped differently than the lumen. The upper and lower
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portions are configured to cooperate to reverberate an inci-
dent wave to produce reflected waves. The ultrasound sys-
tem is configured to generate a visual artifact in response to
receiving the reflected waves to facilitate the visual guid-
ance.

[0035] According to certain aspects of the present disclo-
sure, a method of positioning a needle assembly within a
target anatomy of a patient under visual guidance from an
ultrasound system is provided. The needle assembly
includes an elongate body, a beveled tip, a sidewall defining
a lumen, and a reverberation feature comprising opposing
portions of an inner surface of the sidewall defining a gap
shaped differently than the lumen. The beveled tip is pen-
etrated through overlying skin surface to direct the needle
assembly towards the target anatomy at an angle of approach
relative to the overlying skin surface. A probe is positioned
external to the overlying skin surface at a location above the
target anatomy. The probe is operated to direct an incident
wave through the overlying skin surface and towards the
target anatomy. At least one of the needle assembly and
probe is manipulated such that the incident wave is rever-
berated with the reverberation feature to generate reflected
waves. A visual artifact is viewed generated with the ultra-
sound system based on the reflected waves is viewed on a
display.

DETAILED DESCRIPTION

[0036] FIGS. 3-10 show a needle assembly 30 in accor-
dance with an exemplary embodiment of the present disclo-
sure. The needle assembly 30 includes an elongate body 32,
and in certain embodiments an overlying sheath 34 to be
described. The elongate body 32 includes a distal end 36 and
a proximal end 38 opposite the distal end 36. The proximal
end 38 may extend distally from a hub 40 shown generically
in FIG. 3. The hub 40 may be configured coupled to another
proximal component (not shown) of the needle assembly 30,
for example, a needle safety device, a syringe, a vacuum
collection tube, and the like. The elongate body 32 may be
rigidly or removably coupled to the hub 40.

[0037] The distal end 36 and the proximal end 38 may
define a longitudinal axis (LA) of the elongate body 32, as
best shown in FIG. 4. The elongate body 32 includes at least
one sidewall 42 extending between the distal and proximal
ends 36, 38. The sidewall 42 includes an outer surface 44,
and an inner surface 46 opposite the outer surface 44. The
inner surface 46 defines a lumen 48 of the elongate body 32.
The outer surface 44 may be associated with an outer
diameter and the inner surface 46 associated with an inner
diameter such that the elongate body 32 is substantially
tubular in shape (other than a reverberation feature 50 to be
described). Further, the inner and outer surfaces 44, 46 may
be oriented parallel to the longitudinal axis (LA) such that
the elongate body 32 is substantially straight and tubular in
shape. It is contemplated that, in certain variants, the elon-
gate body 32 may be of any suitable cross sectional shape
(e.g., triangular, square, rectangular, or a higher-order poly-
gon) and/or include a distal portion curved or angled relative
to the longitudinal axis (LA). It is further contemplated that,
in certain variants, particularly those with the overlying
sheath 34, a portion of the elongate body 32 may be solid in
axial section with the exception of the reverberation feature
50. For example, portions proximal and distal to the rever-
beration feature 50 may be solid in construction.
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[0038] A beveled tip 52 may define the distal end 36 of the
elongate body 32. The beveled tip 52, as appreciated in the
art, is configured to penetrate the anatomy of the patient.
With concurrent reference to FIGS. 5 and 6, the beveled tip
52 may include a point 54 defining an inferior aspect of the
elongate body 32. In other words, the inferior aspect is a
bottom of the elongate body 32 when oriented in the manner
shown in FIGS. 3 and 4. Likewise, the beveled tip 52 may
include a heel 56 defining a superior aspect of the elongate
body 32, or a top of the elongate body 32 when oriented in
the manner shown in FIGS. 3 and 4. The sidewall 42 extends
between the beveled tip 52 and the proximal end 38.

[0039] The elongate body 32 of the needle assembly 30
includes the reverberation feature 50 disposed between the
proximal and distal ends 36, 38. In a manner to be described
in detail, the reverberation feature 50, in a broadest sense, is
configured to reverberate the incident wave from the ultra-
sound device 23 (see FIG. 20) to produce the reflected
waves. As used herein, the term “reverberate” means to
reflect the wave(s) (the incident wave(s) and/or one or more
of the reflected waves) at least twice as an echo. With
reference to FIGS. 4-6, the reverberation feature 50 may
include opposing portions 58 of the inner surface 46 of the
sidewall 42 defining a gap (G) shaped differently than the
inner surface 46 and/or sized smaller than the inner diameter
(ID) of the lumen 48. According to one construction, the
term “shaped differently” includes an axial sectional profile
of the gap (G) defined by a boundary separate than a
boundary defined by the inner surface 46 of the sidewall 42.
The lumen 48 extending through the elongate body 32 may
be defined by at least two portions, including a proximal
lumen portion 48p defined by a proximal inner surface
portion 46p and a distal lumen portion 484 defined by a
distal inner surface portion 46p, as shown in FIG. 4. The gap
(G) defined between the opposing portions 58 may axially
separate and be in fluid communication with the proximal
and distal lumen portions 48p, 484.

[0040] With continued reference to FIG. 4, the inner
surface 46 includes the proximal inner surface portion 46p
defining the proximal lumen portion 48p that is tubular in
shape. The inner surface 46 may further include at least one
proximal transition inner surface portion 46/ extending
inwardly or towards the longitudinal axis (LA) relative to
the proximal inner surface portion 46p. The illustrated
embodiment shows two proximal transition inner surface
portions 467p, one associated with the superior aspect of the
elongate body 32 and another associated with the inferior
aspect of the elongate body 32. FIG. 4 shows the proximal
transition inner surface portion 46/p defining an obtuse
angle, a, relative to the proximal inner surface portion 46p.
The angle o may be between 95 and 175 degrees, and more
particularly between 100 and 150 degrees, and even more
particularly between 105 and 125 degrees. The opposing
portions 58 extend distally from the proximal transition
inner surface portions 46¢p. The opposing portions 58 may
be opposing planar surfaces oriented parallel to one another
to define the gap (G). The arrangement results in the gap (G)
being rectangular in axial section and thus shaped differently
than the lumen 48 being cylindrical in axial section, as best
shown in FIG. 6. In the illustrated embodiment, the opposing
planar surfaces are further oriented parallel to the longitu-
dinal axis (LA) of the elongate body 32. In other words, the
gap (G) defined between the opposing planar surfaces may
be bifurcated by the longitudinal axis (LA), and/or a midline
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defined between the opposing planar surfaces may be col-
linear with the longitudinal axis (LA). Extending distally
from the opposing portions 58 may be at least one distal
transition inner surface portion 46¢d (also shown in the axial
view of FIG. 6). The distal transition inner surface portions
46¢d extends outwardly or away from the longitudinal axis
(LA) of the elongate body 32. The distal transition inner
surface portions 467d may be equal in length to the proximal
transition inner surface portions 46¢p such that the inner
diameters of the distal and proximal lumen portions 48p, 484
are equal. The distal inner surface portion 464 may extend
distally from the distal transition inner surface portions 46d.
FIG. 4 shows the distal inner surface portion 464 defining an
obtuse angle, f3, relative to the distal transition inner surface
portions 46zd. The angle § may be between 95 and 175
degrees, and more particularly between 100 and 150
degrees, and even more particularly between 105 and 125
degrees. The angle § may be equal to the angle o.. The distal
inner surface portion 464 may defined at least a portion of
the beveled tip 52.

[0041] With the elongate body 32 oriented as shown in
FIGS. 4 and 6, the opposing portions 58 of the reverberation
feature 50 may include an upper portion 58 at the superior
aspect and a lower portion 58/ and the inferior aspect. The
orientation of FIGS. 4 and 6 may be a preferred orientation
of the elongate body 32 as it is percutaneously directed
toward target anatomy of the patient based on the structure
and function of the beveled tip 52. The arrangement of the
upper and lower portions 58u, 58/ may be substantially
perpendicular to the incident wave(s) being directed from
the ultrasound device 23 to facilitate the ultrasound guid-
ance, as to be described in detail.

[0042] The outer surface 44 may be contoured to the inner
surface 46 to define the sidewall 42 of substantially constant
thickness. For example, FIGS. 4 and 5 show the outer
surface 44 including a proximal portion 44p, a proximal
transition portion 44¢p, reverberation portions 44r corre-
sponding to the opposing portions 58, a distal transition
portion 44¢d, and a distal portion 44d. The outer surface 44
being contoured to the inner surface 46 may result in one or
more crimps 60, more specifically an upper crimp 60 and
a lower crimp 60/ The upper crimp 60x may be defined
between the upper portion 58« of the inner surface 46 and
one of the reverberation portions 44r of the outer surface 44,
and the lower crimp 601 may be defined between the lower
portion 58/ of the inner surface 46 and the other one of the
reverberation portions 447 of the outer surface 44. The
crimps 60 of the illustrated embodiment are axially aligned
along the longitudinal axis (LA) to define the gap (G). The
top plan view of FIG. 5 shows the contour of the outer
surface 44 including the upper crimp 60x.

[0043] As mentioned, it is desirable to identify the loca-
tion of the distal end 36 of the needle assembly 30 as it is
being advanced within the patient anatomy. The reverbera-
tion feature 50 is consequently positioned at or near the
distal end 36 of the elongate body 32. FIGS. 3-5 best show
the reverberation feature 50 positioned immediately proxi-
mal to the beveled tip 52. In particular, there is a minimal
distance between the heel 56 of the beveled tip 52 and the
transition portions 44¢d, 46¢d defining a portion of the
reverberation feature 50. It is appreciated that the reverbera-
tion feature 50 may be positioned at any suitable location
between the proximal and distal ends 36, 38 of the elongate
body 32. Further, in embodiments including the overlying
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sheath 34, the sheath 34 may include a proximal end 62 and
a distal end 64, as shown in FI1G. 3. The distal end 64 of the
sheath 34 may be axially positioned proximal to the rever-
beration feature 50. Among other advantages, the arrange-
ment prevents interference of the reflected waves with the
sheath 34 as the ultrasonic waves are returning or moving
towards the ultrasound device 23.

[0044] Operation of the reverberation feature 50 will now
be described with reference to FIGS. 7-10. With the needle
assembly 30 positioned near the target anatomy, for example
superior to the vein (V) as shown in FIGS. 9 and 10, the
ultrasound device 23 is operated to direct the incident wave
(*) through the target anatomy and the needle assembly 30
positioned therein. While represented as a ray, it should be
appreciated that the incident wave (*) may be a two-
dimensional beam (B) and its subsequent reverberations (a,
b, c, ... ) may be two-dimensional beams oriented based on
the orientation of the ultrasound device 23; e.g., whether an
“in plane” or the aforementioned “out of plane” technique is
being utilized. The elongate body 32 may be oriented as
shown in FIGS. 4 and 6 such that the point 36 of the beveled
tip 52 penetrates the anatomy. In such an orientation and
depending on an angle of approach 8 of the needle assembly
30 and a position of the ultrasound device 22, the opposing
portions 58 may be oriented substantially perpendicular to
the incident wave (¥).

[0045] Once the incident wave encounters the reverbera-
tion feature 50, and in particular the upper and lower
portions 58u, 58/, the waves reverberate between the oppos-
ing portions 58. It is noted that for clarity FIG. 7 shows the
reflected waves travelling to the right, yet in reality the
incident wave(s) and reflected waves may reverberate in the
same axial location. In response to the ultrasound device
receiving the reflect waves, with the ultrasound system
configured to generate a visual artifact (VA). In particular,
the reverberated waves are received by the ultrasound sys-
tem as echoes with the echoes being reproduced on the
display as the visual artifact (VA), for example, a series of
bright pixels 66. The visual artifact (VA) may have the
appearance of a straight vertical line that begins at the
reverberation feature 50 and continuing down the image, as
shown in FIGS. 9 and 10, oftentimes seemingly indefinitely
(but possibly decaying in brightness). The visual artifact
(VA) may be referred to as a ring-down artifact. FIG. 10
shows an axial view of the visual artifact (VA) extending
downwardly from the reverberation feature 50 of the needle
assembly 30 through the vein (V) adjacent the artery (A).
The visual artifact (VA) is distinguishable over known
needle assemblies merely purporting to increase reflectivity
of the needle body itself. Rather, the needle assembly 30 of
the present disclosure utilizes a unique reverberation phe-
nomenon associated with ultrasound technology. It is further
noted that, owing to the curvature of a uniform smooth
tubular lumen of known needle assemblies, any reflected
waves are dispersed or scattered in a multi-directional
manner and incapable of resulting in the visual artifact (VA)
of the needle assembly 30 of the present disclosure.

[0046] The in-plane technique results in the elevation view
of F1G. 9 showing the reverberation feature 50 of the needle
assembly 30 positioned superior the artery (A) and the vein
(V) is located. Often, discerning whether the vessel is an
artery (A) or a vein (V) from the long-axis view using the
in-plane technique is often difficult with the anatomical
structures appearing as black and tubular in form. The
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short-axis view of FIG. 10 from the out-of-plane technique
is used concurrently for differentiating the artery (A) and the
vein (V) based on the relative collapsibility and thickness of
the structures. Based on the proximity between the rever-
beration feature 50 and the distal tip 36, and the continuous
imaging provided by a display 26 of the ultrasound system
24 (see FIG. 20), visual guidance is provided to the treating
medical professional as she or he locates the distal end 36 of
the needle assembly 30 at the target anatomy, for example
within the vein (V). (It is noted that the needle assembly 30
would not appear as prominent as shown in FIG. 9, but
rather the treating medical professional may rely almost
exclusively on the visual artifact (VA) provided by the
reverberation feature 50, thereby facilitating improved
placement of the distal end 36 of the needle assembly 30.)

[0047] Referring now to FIGS. 11-15, the needle assembly
130 in accordance with another exemplary embodiment is
shown. In at least some respects, the needle assembly 130 of
the present embodiment is the same or similar to that of
FIGS. 3-10 with like numerals indicating like components
plus one hundred (100). Any abbreviated or omitted descrip-
tion of a like-numerated component is in the interest of
brevity and should not be considered absent from the present
embodiment. The needle assembly 130 includes an elongate
body 132, and in certain embodiments an overlying sheath
134. The elongate body 132 include a distal end 136 and a
proximal end (not shown) opposite the distal end 136 and
extending distally from a hub (not shown). The elongate
body 132 includes at least one sidewall 142 including an
outer surface 144, and an inner surface 146 opposite the
outer surface 144. The inner surface 146 defines a lumen 148
of the elongate body 132. The outer surface 144 may be
associated with an outer diameter and the inner surface 146
associated with an inner diameter such that the elongate
body 132 is substantially tubular in shape (other than a
reverberation feature 150 to be described). A beveled tip 152
may define the distal end 136 of the elongate body 132 and
include a point 154 defining an inferior aspect of the
elongate body 132, and a heel 156 defining a superior aspect
of the elongate body 132.

[0048] The elongate body 132 of the needle assembly 130
includes the reverberation feature 150 disposed between the
distal end 136 and the proximal end. The reverberation
feature 150 may include opposing portions 158 of the inner
surface 146 of the sidewall 142 defining a gap (G) shaped
differently than the inner surface 146 and/or sized smaller
than the inner diameter (ID) of the lumen 148. The lumen
148 extending through the elongate body 132 may be
defined by at least two portions, including a proximal lumen
portion 148p defined by a proximal inner surface portion
146p and a distal lumen portion 1484 defined by a distal
inner surface portion 146p, as shown in FIG. 11. The gap (G)
defined between the opposing portions 158 may axially
separate and be in fluid communication with the proximal
and distal lumen portions 148p, 1484.

[0049] With continued reference to FIG. 11, the inner
surface 146 includes the proximal inner surface portion 146p
defining the proximal lumen portion 148p that is tubular in
shape. The inner surface 146 may further include at least one
proximal transition inner surface portion 146zp extending
inwardly or towards the longitudinal axis (LA) relative to
the proximal inner surface portion 146p. Whereas the pre-
viously described embodiment of the needle assembly 30
included a proximal transition inner surface portion 46zp
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associated with each of the superior and inferior aspects of
the elongate body 32, the present embodiment may include
a single proximal transition inner surface portion 146zp. The
illustrated embodiment shows the proximal transition inner
surface portion 146¢p associated with superior aspect of the
elongate body 32; however, alternatively the proximal tran-
sition inner surface portion 146¢p may be associated with the
inferior aspect of the elongate body 132 (i.e., the reverbera-
tion feature 150 is “flipped”). FIG. 11 shows the proximal
transition inner surface portion 146#p defining an obtuse
angle, o, relative to the proximal inner surface portion 146p.
The angle o may be between 95 and 175 degrees, and more
particularly between 100 and 150 degrees, and even more
particularly between 105 and 125 degrees.

[0050] One of the opposing portions 158 may extend
distally from the proximal transition inner surface portion
146¢p, and another one of the opposing portions 158 may
extend distally from the proximal inner surface portion
146p. In particular, the opposing portions 158 of the rever-
beration feature 150 may include an upper portion 158u at
the superior aspect and extending distally from the proximal
transition inner surface portion 146¢p, and a lower portion
158/ at the inferior aspect and extending distally from the
proximal inner surface portion 146p. The opposing portions
158 may be opposing planar surfaces oriented parallel to one
another to define the gap (G). The arrangement results in the
gap (G) being rectangular in section when viewed along a
midline (M) between the opposing portions 158, and thus
shaped differently than the lumen 148 being cylindrical in
axial section. In the illustrated embodiment, the opposing
planar surfaces are further oriented at an angle relative to the
longitudinal axis (LA). In particular, the opposing planar
surfaces are oriented angularly upward in a proximal-to-
distal direction such that the midline (M) between the
opposing planar surfaces and the longitudinal axis (LA)
define an acute angle, v, as shown in FIG. 11. The angle y
may be between 5 and 75 degrees, and more particularly
between 10 and 60 degrees, and even more particularly
between 15 and 45 degrees. The angle y may correspond to
a preferred angle of approach 6 of the needle assembly 30
to be directed into the patient anatomy such that the oppos-
ing portions 158 are substantially perpendicular to the
incident wave(s) being directed from the ultrasound device
23, as to be further described with respect to FIG. 14. In one
example of venipuncture for blood sampling, it is often
desirable for the angle of approach 8 to be approximately
thirty degrees, and thus the angle y may also be approxi-
mately thirty degrees such that the opposing portions 158 are
substantially horizontal relative to or parallel to the overly-
ing skin surface of the patient against which the ultrasound
device 23 may be positioned.

[0051] Extending distally from one of the opposing por-
tions 158 may be a distal transition inner surface portion
146¢d (also shown in the axial view of FIG. 13). Whereas the
previously described embodiment of the needle assembly 30
included a distal transition inner surface portion 46¢d asso-
ciated with both of the opposing portions 58, the present
embodiment may include a single distal transition inner
surface portion 146¢d. The illustrated embodiment shows the
proximal transition inner surface portion 146¢p associated
with the lower portion 158/ of the reverberation feature 150,
however, alternatively the distal transition inner surface
portion 146¢J may be associated with the inferior aspect of
the elongate body 132 (i.e., the reverberation feature 150 is
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“flipped™). The distal transition inner surface portion 146z
extends outwardly or away from the longitudinal axis (LA)
of the elongate body 132. The distal transition inner surface
portions 14674 may be equal in length to the proximal
transition inner surface portion 146¢p such that the inner
diameter of the distal and proximal lumen portions 148p,
1484 are equal. The distal inner surface portion 1464 may
extend distally from the distal transition inner surface por-
tion 146¢d as well as the upper portion 158u of the rever-
beration feature 150. FIG. 11 shows the distal inner surface
portion 1464 defining an obtuse angle, B, relative to the
distal transition inner surface portion 146zd. The angle 0
may be between 95 and 175 degrees, and more particularly
between 100 and 150 degrees, and even more particularly
between 105 and 125 degrees. The angle 6 may be equal to
the angle o. The distal inner surface portion 1464 may
defined at least a portion of the beveled tip 152.

[0052] The outer surface 144 may be contoured to the
inner surface 146 to define the sidewall 142 of substantially
constant thickness. The illustrated embodiment of FIG. 11
shows the outer surface 144 including a proximal portion
144p, a proximal transition portion 144¢p, reverberation
portions 144r corresponding to the opposing portions 158, a
distal transition portion 144¢d, and a distal portion 144d. The
outer surface 144 being contoured to the inner surface 146
may result in one or more notches 168, more specifically an
upper notch 168« and a lower notch 168/ The upper notch
168u may be defined between the upper portion 158« of the
inner surface 146 and one of the reverberation portions 144
of the outer surface 144, and the lower notch 168/ may be
defined between the lower portion 158/ of the inner surface
146 and the other one of the reverberation portions 144r of
the outer surface 144. The illustrated embodiment shows the
notches 168 being generally V-shaped when viewed in
elevation. The lower notch 168/ may be complementary to
the upper notch 168u, and more particularly complimenta-
rily shaped in a manner to be axially spaced apart from the
upper notch 168u along the longitudinal axis (LA) to define
the gap (G). The top plan view of FIG. 5 shows the contour
of the outer surface 144 including the upper notch 168u.

[0053] The reverberation feature 150 may be positioned at
or near the distal end 136 of the elongate body 132, for
example, immediately proximal to the beveled tip 152.
Further, in embodiments including an overlying sheath 134,
the sheath 134 may include a distal end 164 axially posi-
tioned proximal to the reverberation feature 150.

[0054] Operation of the reverberation feature 150 will now
be described with reference to FIGS. 14 and 15. With the
needle assembly 130 is percutaneously advanced and posi-
tioned near the target anatomy, for example a vein (V) (see
FIGS. 9 and 10). The elongate body 132 may be directed
toward and/or positioned within the patient anatomy at the
angle of approach 0 relative to horizontal or, for example,
the overlying tissue of the patient. The angle of approach 6
may be any suitable angle but generally is within the range
of five to forty-five degrees. In certain embodiments, the
angle of approach 0 is substantially equal to the angle y such
that the opposing portions 158 are substantially perpendicu-
lar to the incident wave (*). Because the opposing portions
158 are substantially perpendicular to the incident wave (*)
at the angle of approach 0, the treating medical professional
need not significantly orient the ultrasound device 23 rela-
tive to the overlying tissue of the patient to produce a visual
artifact (VA) to be described. The ultrasound device 23 is
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operated to direct the incident wave(s) (*) through the target
anatomy and the needle assembly 130 positioned therein,
and once the incident wave(s) (*) encounter the reverbera-
tion feature 150, and in particular the upper and lower
portions 158, 158/, the waves reverberate between the
opposing portions 158. In response to the ultrasound device
23 receiving the reflect waves, with the ultrasound system 24
configured to generate the visual artifact (VA). In particular,
the reverberated waves are received by the ultrasound sys-
tem as echoes with the echoes being reproduced on the
display 26 as the visual artifact (VA). Based on the proximity
between the reverberation feature 150 and the distal tip 136,
and the continuous imaging provided by the ultrasound
system 24, visual guidance is provided to the treating
medical professional as she or he locates the distal end 136
of the needle assembly 130 at the target anatomy.

[0055] Referring now to FIGS. 16-19C, a needle assembly
230 in accordance with another exemplary embodiment is
shown. In at least some respects, the needle assembly 230 of
the present embodiment is the same or similar to that of
FIGS. 3-15 with like numerals indicating like components
plus multiples of one hundred (100). Any abbreviated or
omitted description of a like-numerated component is in the
interest of brevity and should not be considered absent from
the present embodiment. The needle assembly 230 includes
an elongate body 232, and in certain embodiments an
overlying sheath 234. The elongate body 232 includes a
distal end 236 and a proximal end (not shown) opposite the
distal end 236 and extending distally from a hub (not
shown). The elongate body 232 includes at least one side-
wall 242 including an outer surface 244, and an inner surface
246 opposite the outer surface 244. The inner surface 246
defines a lumen 248 of the elongate body 232. The outer
surface 244 may be associated with an outer diameter and
the inner surface 246 associated with an inner diameter such
that the elongate body 232 is substantially tubular in shape
(other than a reverberation feature 250 to be described). A
beveled tip 252 may define the distal end 236 of the elongate
body 232 and include a point 254 defining an inferior aspect
of the elongate body 232, and a heel 256 defining a superior
aspect of the elongate body 232.

[0056] The elongate body 232 of the needle assembly 230
includes the reverberation feature 250 disposed between the
distal end 236 and the proximal end. The reverberation
feature 250 may include opposing portions 258 of the inner
surface 246 of the sidewall 242 defining a gap (G) shaped
differently than the inner surface 246 and/or sized smaller
than the inner diameter (ID) of the lumen 248. The lumen
248 extending through the elongate body 232 may be
defined by at least two portions, including a proximal lumen
portion 248p defined by a proximal inner surface portion
246p and a distal lumen portion 2484 defined by a distal
inner surface portion 246p, as shown in FIG. 16. The gap (G)
defined between the opposing portions 258 may axially
separate and be in fluid communication with the proximal
and distal lumen portions 248p, 2484.

[0057] With continued reference to FIG. 16, the inner
surface 246 includes the proximal inner surface portion 246p
defining the proximal lumen portion 248p that is tubular in
shape. The opposing portions 258 may extend distally from
the proximal inner surface portion 246p and extending
inwardly or towards the longitudinal axis (LA) relative to
the proximal inner surface portion 246p. In particular, the
opposing portions 258 of the reverberation feature 250 may
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include an upper portion 258« at the superior aspect and a
lower portion 258/ at the inferior aspect. The opposing
portions 258 may be arcuate surfaces extending towards the
longitudinal axis (LA) to define the gap (G). The arrange-
ment results in the gap (G) being variable in size, and thus
shaped differently than the lumen 248 being cylindrical in
axial section. In the illustrated embodiment, the opposing
arcuate surfaces are semicircular in shape and positioned to
at least partially overlap axially along the longitudinal axis
(LA). The upper portion 258« may include a radius of
curvature R , of between 0.001 and five millimeters, and the
lower portion 258/ may include a radius of curvature R, of
between 0.001 and five millimeters. The radii of curvature
R, R, of the upper and lower portions 258u, 258/ may be
equal, and further may vary based on the dimensions of the
elongate body 232 (e.g., the gauge of the needle assembly
230). Extending distally from the opposing portions 258
may be a distal inner surface portion 2464. The distal inner
surface portion 2464 may define at least a portion of the
beveled tip 252.

[0058] The outer surface 244 may be contoured to the
inner surface 246 to define the sidewall 242 of substantially
constant thickness. The illustrated embodiment of FIG. 16
shows the outer surface 244 including a proximal portion
244p, reverberation portions 244r corresponding to the
opposing portions 258, and a distal portion 244d. The outer
surface 244 being contoured to the inner surface 246 may
result in one or more arcuate protrusions 270, more specifi-
cally an upper arcuate protrusion 270« and a lower arcuate
protrusion 270/ The upper arcuate protrusion 270u may be
defined between the upper portion 258u of the inner surface
246 and one of the reverberation portions 244r of the outer
surface 244, and the lower arcuate protrusion 270/ may be
defined between the lower portion 258/ of the inner surface
246 and the other one of the reverberation portions 244r of
the outer surface 244. The illustrated embodiment shows the
arcuate protrusions 270 being hemicylindrical in shape and
oriented transverse (TR) to the longitudinal axis (LA), as
shown in FIG. 17. The lower arcuate protrusion 270/ may be
complementary to the upper arcuate protrusion 270%, and
more particularly complimentarily shaped in a manner to be
axially spaced apart from the upper arcuate protrusion 270u
along the longitudinal axis (LA) to define the gap (G). The
top plan view of FIG. 17 shows the contour of the outer
surface 244 including the upper arcuate protrusion 270u.

[0059] The reverberation feature 250 may be positioned at
or near the distal end 236 of the elongate body 232, for
example, immediately proximal to the beveled tip 252.
Further, in embodiments including an overlying sheath 234,
the sheath 234 may include a distal end 264 axially posi-
tioned proximal to the reverberation feature 250.

[0060] Among other advantages, the needle assembly 230
of the present embodiment allows for opposing points on the
opposing arcuate surfaces 258 to be oriented substantially
perpendicular to the incident wave (*) throughout a range of
angles of approach 8. Operation of the reverberation feature
250 will now be described with reference to FIGS. 19A-
19C. With the needle assembly 230 is percutancously
advanced and positioned near the target anatomy, for
example a vein (V) (see FIGS. 9 and 10). The elongate body
232 may be directed toward and/or positioned within the
patient anatomy at a first angle of approach 8, relative to
horizontal or, for example, the overlying tissue of the
patient. The first angle of approach 8, may be relatively
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shallow, for example, between one and five degrees. Owing
to the axial spacing and the complementary radii of curva-
ture R,, R, of the upper and lower portions 258u, 258/, a
point on each of the upper arcuate surface and the lower
arcuate surface is perpendicular to the incident wave(s) (*)
(and the reflected wave(s) (a, b, c, . . . )), as shown in FIG.
19A. The ultrasound device 22 is operated to direct the
incident wave(s) (*) through the target anatomy and the
needle assembly 230 positioned therein, and the waves
reverberate between the opposing portions 258. In response
to the ultrasound device receiving the reflected waves, with
the ultrasound system configured to generate a visual artifact
(VA). Based on the proximity between the reverberation
feature 250 and the distal tip 236, and the continuous
imaging provided by the ultrasound system 24, visual guid-
ance is provided to the treating medical professional as she
or he locates the distal end 216 of the needle assembly 230
at the target anatomy.

[0061] The elongate body 232 may be directed toward,
positioned, and/or repositioned within the patient anatomy at
a second angle of approach 6, relative to horizontal or, for
example, the overlying tissue of the patient. The second
angle of approach 8, may be greater than (i.e., steeper) the
first angle of approach 0,. Owing to the axial spacing and the
complementary radii of curvature R, R; of the upper and
lower portions 258w, 258/, a point on each of the upper
arcuate surface and the lower arcuate surface is perpendicu-
lar to the incident wave(s) (*) (and the reflected wave(s) (a,
b, ¢, .. .)), as shown in FIG. 19B, without needing to adjust
the ultrasound device 23 positioned above the overlying
tissue. Likewise, the elongate body 232 may be directed
toward, positioned, and/or repositioned within the patient
anatomy at a third angle of approach 0, relative to horizontal
or, for example, the overlying tissue of the patient. The third
angle of approach 6, may be greater than (i.e., steeper) the
first and second angles of approach 0, 0,. Again, owing to
the axial spacing and the complementary radii of curvature
R, of the upper and lower portions 2584, 258/, a point on
each of the upper arcuate surface and the lower arcuate
surface is perpendicular to the incident wave(s) (*) (and the
reflected wave(s) (a, b, ¢, . . .)), as shown in FIG. 19BC
without needing to adjust the ultrasound device 23 posi-
tioned above the overlying tissue. As a result, the waves
reverberate between the opposing portions 258 through a
range of angles of approach 8, and thus visual artifact (VA)
remains displayed throughout the range of angles of
approach 6 without needing to adjust the ultrasound device
23. The range of angles of approach 6 from which the
present embodiment of the needle assembly 230 is capable
of reverberating the waves may be between 1 and 85
degrees, more particularly between 5 and 75 degrees, and
even more particularly between 10 and 65 degrees. Such an
embodiment of the needle assembly 230 may be particularly
well suited with the ultrasound device 23 coupled to the
anatomy of the patient, thereby freeing one of the hands of
the treating medical professional for other tasks of the
medical procedure.

[0062] Referring now to FIGS. 20-22, a needle assembly
330 in accordance with another exemplary embodiment is
shown. In at least some respects, the needle assembly 330 of
the present embodiment is the same or similar to that of
FIGS. 3-19C with like numerals indicating like components
plus multiples of one hundred (100). Any abbreviated or
omitted description of a like-numerated component is in the
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interest of brevity and should not be considered absent from
the present embodiment. The needle assembly 330 includes
an elongate body 332, and in certain embodiments an
overlying sheath 334. The elongate body 332 includes a
distal end 336 and a proximal end (not shown) opposite the
distal end 336 and extending distally from a hub (not
shown). The elongate body 332 includes at least one side-
wall 342 including an outer surface 344, and an inner surface
346 opposite the outer surface 344. The inner surface 346
defines a lumen 348 of the elongate body 332. The outer
surface 344 may be associated with an outer diameter and
the inner surface 346 associated with an inner diameter such
that the elongate body 332 is substantially tubular in shape
(other than a reverberation feature 350 to be described). A
beveled tip 352 may define the distal end 336 of the elongate
body 332 and include a point 354 defining an inferior aspect
of the elongate body 332, and a heel 356 defining a superior
aspect of the elongate body 332.

[0063] The elongate body 332 of the needle assembly 330
includes the reverberation feature 350 disposed between the
distal end 336 and the proximal end. The reverberation
feature 350 may include opposing portions 358 of the inner
surface 346 of the sidewall 342 defining a gap (G) shaped
differently than the inner surface 346 and/or sized smaller
than the inner diameter (ID) of the lumen 348. The lumen
348 extending through the elongate body 332 may be
defined by at least two portions, including a proximal lumen
portion 348p defined by a proximal inner surface portion
346p and a distal lumen portion 3484 defined by a distal
inner surface portion 346p, as shown in FIG. 20. The gap (G)
defined between the opposing portions 358 may axially
separate and be in fluid communication with the proximal
and distal lumen portions 348p, 3484.

[0064] With continued reference to FIG. 20, the inner
surface 346 includes the proximal inner surface portion 346p
defining the proximal lumen portion 348p that is tubular in
shape. The opposing portions 358 may extend distally from
the proximal inner surface portion 346p and extending
inwardly or towards the longitudinal axis (LA) relative to
the proximal inner surface portion 346p. In particular, the
opposing portions 358 of the reverberation feature 350 may
include an upper portion 358« at the superior aspect and a
lower portion 358/ at the inferior aspect. The upper portion
3581 may be an arcuate surface extending towards the
longitudinal axis (LA) to define the gap (G). The illustrated
embodiment shows the upper portion 358« as a semicircular
surface extending through the longitudinal axis (LA). The
lower portion 358/ may also be an arcuate surface extending
distally from the proximal inner surface portion 346p. The
arcuate surface of the lower portion 358/ may begin at
approximately a midpoint of the semicircular surface defin-
ing the upper portion 358u«. Thus, the opposing arcuate
surfaces are positioned to at least partially overlap axially
along the longitudinal axis (LA). The upper portion 358u
may include a radius of curvature R, of between 0.001 and
five millimeters, and the lower portion 358/ may include a
radius of curvature R, of between 0.001 and five millimeters.
The radii of curvature R , R, of the upper and lower portions
3584, 358/ may be equal, and further may vary based on the
dimensions of the elongate body 332 (e.g., the gauge of the
needle assembly 330). The arrangement results in the gap
(G) being substantially constant in size between the oppos-
ing portions 358, yet the gap (G) is smaller than and shaped
differently than the lumen 348 being cylindrical in axial
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section. It is also contemplated that the gap (G) may vary in
size in the present embodiment of the needle assembly 330.
[0065] Extending distally from may be a distal inner
surface portion 346d. Extending distally from the lower
portion 358/ may be a distal transition inner surface portion
346¢d (also shown in the axial view of FIG. 6). The distal
transition inner surface portion 346¢d extends outwardly or
away from the longitudinal axis (LA) of the elongate body
332 relative to a proximal-most aspect of the lower portion
358/. The distal inner surface portion 3464 may extend
distally from the distal transition inner surface portion 3464
and the upper portion 358u. The distal inner surface portion
3464 may define at least a portion of the beveled tip 352. In
the illustrated embodiment, the distal transition inner surface
portion 346¢d is a vertical surface defining a horizontal edge
with the lower portion 3581 It is contemplated that the distal
transition inner surface portion 346/4 may alternative be
angled towards the distal end 336 to provide a smoother
transition to the lower portion 358/, and/or extend upwardly
near the superior aspect of the elongate body 332. In certain
embodiments, particularly those with the overlying sheath
334, the distal transition inner surface portion 3467d may
extend superiorly to create a distal portion of the elongate
body 332 may be solid in axial section.

[0066] The outer surface 344 may be contoured to the
inner surface 346 to define the sidewall 342 of substantially
constant thickness. The illustrated embodiment of FIG. 20
shows the outer surface 344 including a proximal portion
344p, reverberation portions 344r corresponding to the
opposing portions 358, and a distal portion 3444d. The outer
surface 344 being contoured to the inner surface 346 may
result in an upper arcuate protrusion 370 and a lower notch
268/. The upper arcuate protrusion 370z may be defined
between the upper portion 358« of the inner surface 346 and
one of the reverberation portions 344r of the outer surface
344. The lower notch 368/ may be defined between the lower
portion 358/ of the inner surface 346 and the other one of the
reverberation portions 344r of the outer surface 344. The
illustrated embodiment shows the upper arcuate protrusions
370u being hemicylindrical in shape and oriented transverse
(TR) to the longitudinal axis (LA), as shown in FIG. 21. The
lower notch 368/ may be complementary to the upper
arcuate protrusion 370u, and more particularly complimen-
tarily shaped in a manner to be axially spaced apart from the
upper arcuate protrusion 370u along the longitudinal axis
(LA) to define the gap (G). The top plan view of FIG. 21
shows the contour of the outer surface 344 including the
upper arcuate protrusion 370x and the lower notch 368/
including the distal transition inner surface portion 346¢4 in
phantom.

[0067] The reverberation feature 350 may be positioned at
or near the distal end 336 of the elongate body 332, for
example, immediately proximal to the beveled tip 252.
Further, in embodiments including an overlying sheath 334,
the sheath 334 may include a distal end 364 axially posi-
tioned proximal to the reverberation feature 350.

[0068] Among other advantages, the needle assembly 330
of the present embodiment allows for opposing points on the
opposing arcuate surfaces 358 to be oriented substantially
perpendicular to the incident wave (*) throughout a range of
angles of approach 0, in a manner of operation similar to the
previously embodiment of the needle assembly 230
described with reference to FIGS. 19A-19C. In particular,
owing to the axial spacing and the complementary radii of
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curvature R, R, of the upper and lower portions 358u, 3581,
a point on each of the upper arcuate surface and the lower
arcuate surface is perpendicular to the incident wave(s) (*)
(and the reflected wave(s) (a, b, c, . . . )), through a range of
angles of approach 6. As a result, the waves reverberate
between the opposing portions 358 through the range of
angles of approach 6, and visual artifact (VA) remains
displayed throughout the range of angles of approach 0
without needing to adjust the ultrasound device 23. The
range of angles of approach 6 from which the present
embodiment of the needle assembly 330 is capable of
reverberating the waves may be between 1 and 85 degrees,
more particularly between 5 and 75 degrees, and even more
particularly between 10 and 65 degrees. Such an embodi-
ment of the needle assembly 330 may be particularly well
suited with the ultrasound device 23 coupled to the anatomy
of the patient, thereby freeing one of the hands of the treating
medical professional for other tasks of the medical proce-
dure.

[0069] Referring now to FIG. 23, a method of positioning
the needle assembly 30, 130, 230, 330 within a target
anatomy of a patient under visual guidance from an ultra-
sound system 24 is described. The ultrasound system 24
includes the ultrasound device 22, for example a probe 23
capable of being manipulated by the treating medical pro-
fessional. The ultrasound system 24 also includes a display
26 in electronic communication with the probe 23. A pro-
cessor 28 may be in electronic communication with the
probe 23 and the display 26 and configured to receive and
process signals from the probe 24 and transmit display
signals to the display 26.

[0070] The needle assembly 30, 130, 230, 330 may be any
one of the aforementioned embodiments. The needle assem-
bly 30, 130, 230, 330 includes the elongate body 32, 132,
232, 332 the beveled tip 52, 152, 252, 352 the sidewall 42,
142, 242, 342 defining the lumen 48, 148, 248, 348 and the
reverberation feature 50, 150, 250, 350. The reverberation
feature 50, 150, 250, 350 includes the opposing portions 58,
158, 258, 358 of the inner surface 46, 146, 246, 346 defining
the gap (G) shaped differently than the inner surface 46, 146,
246, 346, for example, smaller than the inner diameter
defined by the lumen 48, 148, 248, 348. The beveled tip 52,
152, 252, 352 is penetrated through the overlying skin
surface (OS) to direct the needle assembly 30, 130, 230, 330
towards the target anatomy, for example a vessel such as a
vein (V) or artery (A). The needle assembly 30, 130, 230,
330 is directed towards the target anatomy at an angle of
approach 6 relative to the overlying skin surface (OS). The
probe 23 is positioned external to the overlying skin surface
(OS) at a location above the target anatomy. The probe 23 is
operated to direct an incident wave (*) (see FIGS. 7, 14 and
19A-19C) through the overlying skin surface (OS) and
towards the target anatomy. The needle assembly 30, 130,
230, 330 and/or the probe 23 is manipulated such that the
incident wave is reverberated with the reverberation feature
50, 150, 250, 350 to generate reflected waves (a, b, ¢, . . . (see
FIGS. 7, 14 and 19A-19C)). For example, the needle assem-
bly 30, 130, 230, 330 and/or the probe 23 may be manipu-
lated to substantially align the opposing portions 58, 158,
258 of the reverberation feature 50, 150, 250, 350 with the
incident wave (*). Further, the needle assembly 30, 130, 230,
330 and/or the probe 23 may be manipulated to alter the
angle of approach 0 of the needle assembly such that the
opposing portions 58, 158, 258, 358 of the reverberation
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feature 50, 150, 250, 350 are oriented substantially perpen-
dicular to the incident wave (*) directed from the probe 23.
Still further, in embodiments where the opposing portions
258, 358 of the needle assembly 250, 358 includes the
opposing arcuate surfaces, the needle assembly 230, 330
may be manipulated through a range of angles of approach
6. Opposing points on the opposing arcuate surfaces are
oriented substantially perpendicular to the incident wave (*)
directed from the probe throughout the range of angles of
approach 6.

[0071] The method may include viewing on the display 26
the visual artifact (VA) generated with the ultrasound system
24 based on the reflected waves (a, b, c, . . . ). The needle
assembly 30, 130, 230, 330 and/or the probe 23 may be
manipulated to cause the visual artifact (VA) to intersect a
cross section of the vessel, for example the vein (V), as
shown in FIG. 20.

[0072] In embodiments where the needle assembly 30,
130, 230, 330 further includes the overlying sheath 34, 134,
234, 334, the needle assembly 30, 130, 230, 330 may be
manipulated to cause the beveled tip 52, 152, 252, 352 and
a distal end 64, 164, 264, 364 of the overlying sheath 34,
134, 234, 334 to penetrate the vessel. The distal end 64, 164,
264, 364 of the overlying sheath 34, 134, 234, 334 may be
proximal to the reverberation feature 50, 150, 250, 350 of
the elongate body 32, 132, 232, 332. Based on the visual
artifact (VA) displayed on the display 26 and generated by
the reverberation feature 50, 150, 250, 350 reverberating the
waves, placement of the needle assembly 50, 150, 250, 350
(including the distal end 64, 164, 264, 364 of the overlying
sheath 34, 134, 234, 334) may be confirmed. Thereafter, the
elongate body 32, 132, 232, 332 of the needle assembly 30,
130, 230, 330 may be removed from within the vessel and
the overlying sheath 34, 134, 234, 334 while leaving the
distal end 64, 164, 264, 364 of the overlying sheath 34, 134,
234, 364 within the vessel. Any number of medical tasks
may be performed using the overlying sheath 34, 134, 234,
334 providing a conduit to an interior of the vessel, for
example, blood sampling and/or therapy delivery.

[0073] It will be further appreciated that the terms
“include,” “includes,” and “including” have the same mean-
ing as the terms “comprise,” “comprises,” and “compris-
ing.”

[0074] Several embodiments have been discussed in the
foregoing description. However, the embodiments discussed
herein are not intended to be exhaustive or limit the inven-
tion to any particular form. The terminology which has been
used is intended to be in the nature of words of description
rather than of limitation. Many modifications and variations
are possible in light of the above teachings and the invention
may be practiced otherwise than as specifically described.

What is claimed is:

1. A needle assembly positionable within anatomy of a
patient under visual guidance from an ultrasound system
configured to direct an incident wave and receive reflected
waves, said needle assembly comprising:

an elongate body comprising:

a distal end, and a proximal end opposite said distal end
with said distal and proximal ends defining a longi-
tudinal axis of said elongate body;

a sidewall extending between said proximal and distal
ends and comprising an outer surface opposite an
inner surface defining a lumen with a portion of said
lumen comprising an inner diameter; and

Mar. 5, 2020

a reverberation feature disposed between said proximal
and distal ends with said reverberation feature com-
prising opposing portions of said inner surface of
said sidewall defining a gap smaller than said inner
diameter of said lumen,

wherein said reverberation feature is configured to rever-

berate the incident wave between said opposing por-
tions to produce the reflected waves with the ultrasound
system configured to generate a visual artifact in
response to receiving the reflected waves to facilitate
the visual guidance.

2. The needle assembly of claim 1, further comprising an
overlying sheath disposed over at least a portion of said
elongate body, said overlying sheath comprising a distal end
opposite a proximal end with said distal end of said over-
lying sheath axially positioned proximal to said reverbera-
tion feature of said elongate body.

3. The needle assembly of claim 1, wherein said opposing
portions of said reverberation feature comprise opposing
planar surfaces oriented parallel to one another to define said
gap.

4. The needle assembly of claim 3, wherein said opposing
planar surfaces are further oriented parallel to said longitu-
dinal axis.

5. The needle assembly of claim 3, wherein said opposing
planar surfaces are further oriented angularly upward in a
proximal-to-distal direction such that a midline between said
opposing planar surfaces and said longitudinal axis define an
acute angle.

6. The needle assembly of claim 1, wherein said opposing
portions of said reverberation feature comprise opposing
arcuate surfaces extending towards said longitudinal axis to
define said gap.

7. The needle assembly of claim 6, wherein said opposing
arcuate surfaces are positioned to at least partially overlap
axially along said longitudinal axis.

8. The needle assembly of claim 1, wherein said outer
surface of said elongate body is contoured to said opposing
portions of said inner surface to define said sidewall of
substantially constant thickness.

9. A needle assembly positionable within anatomy of a
patient under visual guidance from an ultrasound system
configured to direct an incident wave and receive reflected
waves, said needle assembly comprising:

an elongate body comprising:

a beveled tip defining a distal end of said elongate body
and configured to penetrate the anatomy of the
patient with said beveled tip comprising a point
defining an inferior aspect of said elongate body, and
a heel defining a superior aspect of said elongate
body;

a proximal end opposite said distal end with said distal
and proximal ends defining a longitudinal axis of
said elongate body;

a sidewall extending between said beveled tip and said
proximal end and comprising an outer surface oppo-
site an inner surface defining a lumen with a portion
of said lumen comprising an inner diameter; and

a reverberation feature comprising an upper portion of
said inner surface at said superior aspect and a lower
portion of said inner surface at said inferior aspect to
define a gap shaped differently than said lumen with
said upper and lower portions configured to cooper-
ate to reverberate the incident wave to produce the
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reflected waves with the ultrasound system config-
ured to generate a visual artifact in response to
receiving the reflected waves to facilitate the visual
guidance.

10. The needle assembly of claim 9, wherein said outer
surface is contoured to said inner surface to define said
sidewall of substantially constant thickness.

11. The needle assembly of claim 10, wherein said side-
wall further comprises an upper crimp comprising said
upper portion, and a lower crimp comprising said lower
portion with said upper and lower crimps axially aligned
along said longitudinal axis to define said gap.

12. The needle assembly of claim 10, wherein said
sidewall further comprises an upper notch comprising said
upper portion, and a lower notch comprising said lower
portion with said lower notch complementary to said upper
notch and axially spaced apart from said upper notch along
said longitudinal axis to define said gap.

13. The needle assembly of claim 10, wherein said
sidewall further comprises an upper arcuate protrusion com-
prising said upper portion, and a lower arcuate protrusion
comprising said lower portion with said lower arcuate
protrusion complementary to said upper arcuate protrusion
and axially spaced apart from said upper arcuate protrusion
along said longitudinal axis to define said gap.

14. The needle assembly of claim 13, wherein said upper
and lower arcuate protrusions are hemicylindrical in shape
and oriented transverse to said longitudinal axis.

15. A method of positioning a needle assembly near a
target anatomy of a patient under visual guidance from an
ultrasound system including a probe and a display in elec-
tronic communication with the probe, said method compris-
ing:

providing the needle assembly including an elongate

body, a beveled tip, a sidewall defining a lumen, and a
reverberation feature comprising opposing portions of
an inner surface of the sidewall defining a gap shaped
differently than the lumen;

penetrating the beveled tip through overlying skin surface

to direct the needle assembly towards the target
anatomy at an angle of approach relative to the over-
lying skin surface;

positioning the probe external to the overlying skin sur-

face at a location above the target anatomy;

operating the probe to direct an incident wave through the

overlying skin surface and towards the target anatomy;
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manipulating at least one of the needle assembly and the
probe such that the incident wave is reverberated with
the reverberation feature to generate reflected waves;
and

viewing on the display a visual artifact generated with the

ultrasound system based on the reflected waves.

16. The method of claim 15, wherein the step of manipu-
lating one of the needle assembly and the probe further
comprises manipulating the needle assembly to substantially
align the opposing portions of the reverberation feature with
the incident wave directed from the probe.

17. The method of claim 16, further comprising manipu-
lating the needle assembly to alter the angle of approach of
the needle assembly such that the opposing portions of the
reverberation feature are oriented substantially perpendicu-
lar to the incident wave directed from the probe.

18. The method of claim 15, wherein the opposing por-
tions of the reverberation feature further comprise opposing
arcuate surfaces, said method further comprising manipu-
lating the needle assembly through a range of angles of
approach such that opposing points on the opposing arcuate
surfaces are oriented substantially perpendicular to the inci-
dent wave directed from the probe throughout the range of
angles of approach.

19. The method of claim 15, wherein the target anatomy
is a vessel, said method further comprising further manipu-
lating at least one of the needle assembly and the probe to
cause the visual artifact displayed on the display to intersect
a cross section of the vessel.

20. The method of claim 19, wherein the needle assembly
further includes an overlying sheath disposed over at least a
portion of said elongate body with a distal end of the
overlying sheath positioned proximal to the reverberation
feature, said method further comprising:

penetrating the vessel with the beveled tip of the needle
assembly after the step of further manipulating at least
one of the needle assembly and the probe;

visually confirming placement of the needle assembly
within the vessel based on the visual artifact generated
from the reverberation feature; and

removing the elongate body from within vessel and the
overlying sheath while leaving the distal end of the
overlying sheath within the vessel.
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