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(54) TAPERED TUBULAR MEMBERS FOR LAPAROSCOPIC MICROWAVE ABLATION 
INSTRUMENTS

(57) A tubular member for a laparoscopic microwave
ablation instrument includes a proximal portion, a distal
portion, and an intermediate portion interposed between
the proximal portion and the distal portion. A maximum
outer diameter of the proximal portion is greater than or
equal to a maximum outer diameter of the intermediate

portion. The maximum outer diameter of the intermediate
portion is greater than or equal to a maximum outer di-
ameter of the distal portion. And the maximum outer di-
ameter of the proximal portion is greater than the maxi-
mum outer diameter of the distal portion.
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Description

BACKGROUND

[0001] Conventional microwave ablation systems are
used during laparoscopic surgical procedures to treat tar-
get tissue, such as a tumor located within the abdomen
or pelvis, by delivering microwave energy to the target
tissue by way of a percutaneous microwave ablation in-
strument. The instrument typically includes an elongated
tubular member, which has a needle at a distal tip, and
which serves as a conduit within which the microwave
energy from an energy source, such as a generator, is
guided through an incision in the patient and toward the
target tissue. The length of the tubular member varies
based on application. In some cases, microwave instru-
ments with relatively long tubular members are employed
to reach target tissue that is located deep within the body
of the patient. Unfortunately, as the length of the tubular
member increases, the flexure of the tubular member
during operation also increases, thereby reducing or dis-
torting the tactile feedback from a distal tip of the instru-
ment to a handle located at a proximal portion of the
instrument. Although stiffness of the tubular member may
be increased by increasing a diameter of the tubular
member along its entire longitudinal axis, doing so would
also result in larger needle track sizes, an increased risk
of bleeding and damage to the target tissue, and an in-
creased post-surgery healing time.

SUMMARY

[0002] In one aspect of this disclosure, a tubular mem-
ber for a laparoscopic microwave ablation instrument is
described. The tubular member includes a proximal por-
tion, a distal portion, and an intermediate portion, which
is interposed between the proximal portion and the distal
portion. A maximum outer diameter of the proximal por-
tion is greater than or equal to a maximum outer diameter
of the intermediate portion. The maximum outer diameter
of the intermediate portion is greater than or equal to a
maximum outer diameter of the distal portion. And the
maximum outer diameter of the proximal portion is great-
er than the maximum outer diameter of the distal portion
[0003] In embodiments, the intermediate portion has
an outer diameter at least a portion of which increases
in a direction from the distal portion to the proximal por-
tion.
[0004] In embodiments, the proximal portion, the distal
portion, and the intermediate portion are each tubular,
and the proximal portion, the distal portion, and the in-
termediate portion each have an equivalent inner diam-
eter that remains uniform along a longitudinal axis of the
tubular member.
[0005] In embodiments, the outer diameter of the distal
portion remains uniform along a longitudinal axis of the
distal portion.
[0006] In embodiments, the outer diameter of the prox-

imal portion remains uniform along a longitudinal axis of
the proximal portion.
[0007] In embodiments, a length of the distal portion
is predetermined based on an expected insertion depth
of the distal portion into a target tissue.
[0008] In embodiments, a length of the intermediate
portion is predetermined based on an expected insertion
depth of the intermediate portion into an abdominal cavity
of a patient.
[0009] In embodiments, the intermediate portion has
an outer diameter that increases linearly in a direction
from the distal portion toward the proximal portion.
[0010] In embodiments, the intermediate portion in-
cludes a plurality of subportions, and wherein each of the
plurality of subportions has an outer diameter that in-
creases linearly, at a respective angle, in a direction from
the distal portion toward the proximal portion.
[0011] In embodiments, the intermediate portion has
an outer diameter that increases exponentially in a direc-
tion from the distal portion toward the proximal portion.
[0012] In embodiments, the intermediate portion in-
cludes a plurality of subportions, and each of the plurality
of subportions has an outer diameter that increases ex-
ponentially, at a respective growth rate, in a direction
from the distal portion toward the proximal portion.
[0013] In embodiments, the intermediate portion in-
cludes a first subportion and a second subportion, the
first subportion having an outer diameter that increases
linearly in a direction from the distal portion toward the
proximal portion, and the second subportion having an
outer diameter that increases exponentially in the direc-
tion from the distal portion toward the proximal portion.
[0014] In embodiments, the first subportion and the
second subportion are arranged in a direction from the
distal portion to the proximal portion.
[0015] In embodiments, near a junction between the
first subportion and the second subportion, the outer di-
ameter of the second subportion is greater than the outer
diameter of the first subportion, thus forming a step at
the junction between the first subportion and the second
subportion.
[0016] In embodiments, the first subportion and the
second subportion are arranged in a direction from the
proximal portion to the distal portion.
[0017] In embodiments, near a junction between the
first subportion and the second subportion, the outer di-
ameter of the first subportion is greater than the outer
diameter of the second subportion, thus forming a step
at the junction between the first subportion and the sec-
ond subportion.
[0018] In embodiments, the intermediate portion has
an outer diameter that increases linearly in a direction
from the distal portion toward the proximal portion, and,
near a junction between the distal portion and the inter-
mediate portion, the outer diameter of the intermediate
portion is greater than an outer diameter of the distal
portion, thus forming a step at the junction between the
distal portion and the intermediate portion.
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[0019] In embodiments, near a junction between the
intermediate portion and the proximal portion, an outer
diameter of the proximal portion is greater than the outer
diameter of the intermediate portion, thus forming a step
at the junction between the intermediate portion and the
proximal portion.
[0020] In embodiments, the intermediate portion has
an outer diameter that increases exponentially in a direc-
tion from the distal portion toward the proximal portion,
and, near a junction between the distal portion and the
intermediate portion, the outer diameter of the interme-
diate portion is greater than an outer diameter of the distal
portion, thus forming a step at the junction between the
distal portion and the intermediate portion.
[0021] In embodiments, near a junction between the
intermediate portion and the proximal portion, an outer
diameter of the proximal portion is greater than the outer
diameter of the intermediate portion, thus forming a step
at the junction between the intermediate portion and the
proximal portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Various aspects and features of the present
laparoscopic microwave instrument tubular members are
described herein below with references to the drawings,
wherein:

FIG. 1 is a cross-sectional view of a known micro-
wave ablation instrument;
FIG. 2 shows a side view of an illustrative embodi-
ment of a portion of a laparoscopic microwave abla-
tion instrument, in accordance with the present dis-
closure;
FIG. 3 shows an illustrative embodiment of how the
instrument of FIG. 2 may be used to treat a target
lesion;
FIG. 4 shows a perspective view of a tubular member
of the laparoscopic microwave ablation instrument
of FIG. 2;
FIG. 5 shows a perspective view of the tubular mem-
ber of FIG. 3 with a hub cap coupled to a proximal
portion thereof;
FIG. 6A and FIG. 6B (collectively, FIG. 6) show side
cross-sectional views of the tubular member, hub
cap, and o-ring shown in FIG. 5;
FIG. 7 is a side view of the tubular member of FIG.
4, showing an illustrative embodiment of depth indi-
cators that may be indicated thereon;
FIG. 8A and FIG. 8B (collectively, FIG. 8) include
additional side cross-sectional views of the tubular
member and hub cap shown in FIG. 5, showing ad-
ditional details regarding the proximal and distal por-
tions thereof; and
FIGS. 9A through 9L (collectively, FIG. 9) depict side
views of additional illustrative embodiments of lapar-
oscopic microwave ablation instrument tubular
members, in accordance with the present disclosure.

DETAILED DESCRIPTION

[0023] The present disclosure is directed to tubular
members for laparoscopic microwave ablation instru-
ments. In general, as described in further detail below,
the various tubular members of the present disclosure
have geometries, such as geometries with outer diame-
ters that vary along the longitudinal axes of the tubular
members, that exhibit increased stiffness, even for rela-
tively large tubular member lengths, thereby minimizing
the flexure of the tubular member during operation and
improving the tactile feedback from a distal tip of the in-
strument to a handle located at a proximal portion of the
instrument. At the same time, the tubular members of the
present disclosure also minimize needle track size and
invasiveness, particularly at the distal portion where the
tubular member enters target tissue, thereby minimizing
the risk of bleeding and damage to the target tissue and
minimizing post-surgery healing time.
[0024] Throughout this description, the term "proximal"
refers to the portion of the device or component thereof
that is closer to the clinician and the term "distal" refers
to the portion of the device or component thereof that is
farther from the clinician. The phrases "in an embodi-
ment," "in embodiments," "in some embodiments," or "in
other embodiments" may each refer to one or more of
the same or different embodiments in accordance with
the present disclosure. A phrase in the form "A or B"
means "(A), (B), or (A and B)." A phrase in the form "at
least one of A, B, or C" means "(A); (B); (C); (A and B);
(A and C); (B and C); or (A, B, and C)."
[0025] FIG. 1 depicts a known water-jacketed micro-
wave ablation instrument 10 configured for circulating a
fluid therethrough. As shown in FIG. 1, the microwave
ablation instrument 10 includes a transition 12, which
connects via a coaxial cable to a microwave ablation gen-
erator (not shown in FIG. 1). The transition 12 allows for
a 90° change in direction of the coaxial cable entering
the transition 12 to the coaxial cable 14 of the microwave
ablation instrument 10. The coaxial cable 14 extends per-
pendicularly from the transition 12 and concludes at a
radiating section 16. The radiating section 16 may take
many forms, including monopole, dipole, symmetric and
asymmetric configurations. The coaxial cable 14 extends
through a first tubular member 18, which is itself housed
within a second tubular member 20. Between the coaxial
cable 14 and the first tubular member 18 is a first fluid
channel 22 and between the first tubular member 18 and
the second tubular member 20 is a second fluid channel
24. The transition 12 is received within a first end of a
hub 26, a hub cap 28 is received at a second end of the
hub 26, and is itself designed to receive and secure the
second tubular member 20. O-rings 30 and 32 formed
on the hub cap 28 and the transition 12, form seals cre-
ating a watertight compartment 34 there between.
[0026] Further, as shown in FIG. 1, the watertight com-
partment 34 is separated into inflow chamber 36 and out-
flow chamber 38 by hub divider 40. The hub divider 40
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receives the first tubular member 18 and maintains it in
alignment with the second tubular member 20. The hub
divider 40 is formed of an elastomeric material and forms
a seal around the first tubular member 18 which, in com-
bination with a compression fit within the hub 26, restricts
the egress of fluid in inflow chamber 36 to the first fluid
channel 22, and prevents fluid returning through second
fluid channel 24 and entering outflow chamber 38 from
re-entering the inflow chamber 36. Also shown in FIG. 1
are inflow port 42 and outflow port 44 which connect to
inflow chamber 36 and outflow chamber 38, respectively.
A wire 48 is depicted extending through the hub 26 and
inflow chamber 36 and entering the first tubular member
18 where it terminates at a point proximate the radiating
section 16 and includes a thermocouple (not shown in
FIG. 1) to detect the temperature of the microwave ab-
lation instrument 10. The entire hub 26, hub cap 28, and
transition 12, once assembled, are placed within a handle
assembly 46 for ease of gripping and other ergonomic
concerns.
[0027] The second tubular member 20 has a geometry
with an outer diameter 50 that remains substantially con-
stant along a longitudinal axis A of the second tubular
member 20. Owing in part to its geometry, the second
tubular member 20 may exhibit flexure during operation,
for instance, in embodiments where the second tubular
member 20 is relatively long (for example, 30 cm). Such
flexure reduces and distorts the tactile feedback from the
distal tip of the microwave ablation instrument 10 to the
handle assembly 46. Although stiffness of the second
tubular member 20 may be increased by uniformly in-
creasing the diameter 50 of the second tubular member
20 along an entire length of the second tubular member
20 along the longitudinal axis A, doing so would also re-
sult in larger needle track sizes in the target tissue, an
increased risk of bleeding and damage to the target tis-
sue, and an increased post-surgery healing time. In em-
bodiments, the various tubular members of the present
disclosure have geometries with outer diameters that
vary along the longitudinal axes of the tubular members.
More particularly, the outer diameters of the tubular mem-
bers of the present disclosure increase at various rates
and at various points along the longitudinal axes thereof
in a direction from the distal portion toward the proximal
portion. By virtue of their geometries, the various tubular
members of the present disclosure exhibit increased stiff-
ness, even for relatively large tubular member lengths,
thereby minimizing the flexure of the tubular member dur-
ing operation and improving the tactile feedback from a
distal tip of the instrument to a handle located at a prox-
imal portion of the instrument. At the same time, with
relatively small outer diameters at a distal portion, the
tubular members of the present disclosure also minimize
needle track size, thereby minimizing the risk of bleeding
and damage to the target tissue and minimizing post-
surgery healing time.
[0028] FIG. 2 shows a side view of an illustrative em-
bodiment of a portion of a laparoscopic microwave abla-

tion instrument 200, in accordance with the present dis-
closure. In embodiments, the laparoscopic microwave
ablation instrument 200 of FIG. 2 is similar in several
respects to the microwave ablation instrument 10 of FIG.
1, but with several differences. The laparoscopic micro-
wave ablation instrument 200 includes a handle assem-
bly 46 affixed to a tubular member 201. The handle as-
sembly 46 of FIG. 2 is similar to that depicted in FIG. 1.
The tubular member 201 includes a proximal portion 202,
an intermediate portion 204, and a distal portion 206, with
the distal portion 206 being terminated by a distal tip 208.
The intermediate portion 204 is interposed between the
proximal portion 202 and the distal portion 206. The distal
tip 208 includes a needle for piercing tissue during oper-
ation.
[0029] In contrast to the second tubular member 20 of
the instrument 10 (FIG. 1), which has an outer diameter
50 that remains substantially uniform along the longitu-
dinal axis A of the second tubular member 20, the tubular
member 201 of the laparoscopic microwave ablation in-
strument 200 has an outer diameter, 214, 212, 210 that
increases at various points along a longitudinal axis B
thereof in a direction from the distal portion 206 toward
the proximal portion 202. More particularly, in the illus-
trative embodiment of FIG. 2, the outer diameter 210 re-
mains substantially uniform along the longitudinal axis B
throughout the proximal portion 202, and the outer diam-
eter 214 remains substantially uniform along the longitu-
dinal axis B throughout the distal portion 206, with the
diameter 214 being smaller than the diameter 210. The
outer diameter 212 of the intermediate portion 204 of the
tubular member 201 is tapered, increasing in a direction
from the distal portion 206 to the proximal portion 202. A
maximum of the outer diameter 210 of the tubular mem-
ber 201 within the proximal portion 202 is greater than a
maximum of the outer diameter 212 of the tubular mem-
ber 201 within the intermediate portion 204; and the max-
imum of the outer diameter 212 of the tubular member
201 within the intermediate portion 204 is greater than a
maximum of the outer diameter 214 of the tubular mem-
ber 201 within the distal portion 206. In some embodi-
ments, because of the outer diameter of the tubular mem-
ber 201 increases only in the direction from the distal
portion 206 toward the proximal portion 202, not in the
direction from the proximal portion 202 toward the distal
portion 206, insertion of the tubular member 201 into a
patient has a dilating effect.
[0030] FIG. 3 shows an illustrative embodiment of how
the instrument 200 of FIG. 2 may be used to treat a target
lesion 308. In embodiments, the respective lengths of
the distal portion 206, the intermediate portion 204, and
the proximal portion 202 of the instrument 200 are pre-
determined and configured based on expected dimen-
sions and insertion depth for a surgical procedure. In par-
ticular, the lengths of the intermediate portion 204 and/or
the proximal portion 202 of the instrument 200 are sized
to pass through an incision in the patient skin 302, but to
not enter a target organ 306. To minimize needle track
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size in the target organ 306, the distal portion 206, which
generally has an outer diameter that is smaller than the
outer diameters in the intermediate portion 204 and the
proximal portion 202, is the only portion of the instrument
200 that is sized to penetrate the target organ 306. Thus,
invasiveness is minimized at the target organ 306.
[0031] Because the patient skin (for instance, the ab-
dominal or thoracic wall) exhibits a lower risk of compli-
cation from larger punctures than internal organs, such
as the liver, exhibit, invasiveness in the patient skin 302
region may be increased relative to the invasiveness in
the insufflated cavity 304 and target organ 306 regions.
Thus, in embodiments, the outer diameter of the proximal
portion 202 is larger than the outer diameter of the inter-
mediate portion 204, which itself is larger than the outer
diameter of the distal portion 206. In some examples, the
outer diameter of the proximal portion 202 ranges from
3 to 5 mm. By enlarging the outer diameter of the tubular
member 201 within the proximal portion 202, where the
patient skin 302 can bear larger punctures, while mini-
mizing the outer diameter of the tubular member 201 with-
in the distal portion 206, where the target organ 306 fares
better with a smaller puncture, the overall stiffness of the
tubular member 201 is increased while minimizing the
invasiveness at the target organ 306.
[0032] In embodiments, a length of the distal portion
206 is predetermined based on an expected insertion
depth of the distal portion 206 into the target organ 306,
such as a portion of a particular internal organ, or target
lesion 308. For example, for a laparotomy or a liver ab-
lation procedure, between approximately 10 cm and 20
cm of the tubular member 201 is expected to be inserted
into the liver to reach target tissue. Therefore, in some
embodiments, the length of the distal portion 206 may
range from 10 cm to 20 cm. A length of the intermediate
portion 204 is predetermined based on an expected in-
sertion depth of the intermediate portion 204 into the ab-
dominal cavity 304 of the patient. The length of the prox-
imal portion 202, which is the portion of the tubular mem-
ber 201 having the largest diameter, is predetermined to
provide sufficient stiffness of the tubular member 201 and
maneuverability of the instrument 200. In some exam-
ples, the length of the proximal portion 202 is approxi-
mately 10 cm.
[0033] For a tubular member, such as the second tu-
bular member 20 (FIG. 1), having an outer diameter that
remains essentially constant along a longitudinal axis
thereof, the force required to deflect the tip when the ful-
crum (for instance, the patient skin or abdominal wall) is
located near the distal tip is relatively high, and the force
required to deflect the tip when the fulcrum is located
near the handle assembly 46 is relatively low. In accord-
ance with the present disclosure, if the tubular member
201 is formed with a geometric profile that is optimized
to maintain the force required to deflect the tip as a func-
tion of distance between the fulcrum and the tip, then the
deflection response is flatter despite different fulcrum lo-
cations. In other words, the force required to deflect the

tip remains closer to constant regardless of where the
fulcrum is located, and tactile feedback is transferred
from the distal portion 206 of the tubular member 201 to
the proximal portion 202, so the user feels the tissue re-
sponse during insertion into the target tissue 306. To tran-
sition the profile of the smaller outer diameter of the tu-
bular member 201 at the distal portion 206 to the larger
outer diameter of the tubular member 201 at the proximal
portion 202, a derivation may be used. In particular, the
derivation is employed to determine the geometry of the
outer diameter of tubular member 201 within the inter-
mediate portion 204, more specifically how the outer di-
ameter thereof increases along the longitudinal axis B,
in a direction from the distal portion 206 to the proximal
portion 202, in a manner which counters loss of stiffness
(or bendability) with distance from the distal tip 208. In
the illustrative embodiment of the laparoscopic micro-
wave ablation instrument 200 illustrated in FIGS. 2 and
3, the outer diameter of the tubular member 201 within
the intermediate portion 204 increases linearly along the
longitudinal axis B, in a direction from the distal portion
206 to the proximal portion 202. However, other ge-
ometries of the tubular member 201 are also contemplat-
ed, for instance, as described in further detail below with
reference to FIGS. 9A through 9L.
[0034] Having described certain aspects of the lapar-
oscopic microwave ablation instrument 200 and how the
instrument 200 may be used to treat the target lesion 308
in connection with FIGS. 2 and 3, reference is now made
to FIGS. 4 through 8 to describe additional aspects of
the instrument 200. FIG. 4 shows a perspective view 400
of the tubular member 201 of the laparoscopic microwave
ablation instrument 200 of FIG. 2, with all other compo-
nents of the instrument 200 removed for clarity. Although
not shown in FIG. 4, the tubular member 201 is configured
to mate with a hub cap (for instance, the hub cap 28 of
FIG. 1) at a proximal end thereof. In some embodiments,
the tubular member 201 includes a portion 402 that is
located adjacent to the proximal portion 202 and has an
outer diameter that is smaller than the outer diameter of
the proximal portion 202 in order to fit within a cavity of
the hub cap 28 and handle assembly 46 that, in other
assemblies, can also accommodate the second tubular
member 20 of FIG. 1. The outer diameter of the portion
402, for example, may be the same as the outer diameter
of the distal portion 206. Although not shown in FIG. 4,
in other embodiments, the outer diameter of the portion
402 is greater than or equivalent to the maximum outer
diameter of the proximal portion 202, and is configured
to fit within a cavity of a hub cap and handle assembly
that are larger than the hub cap 28 and handle assembly
46 depicted in FIG. 1.
[0035] FIG. 5 shows a perspective view 500 of the tu-
bular member 201 of FIG. 4 shown with the hub cap 28
coupled to the portion 402 (not visible in FIG. 5) and with
the o-ring 30 arranged around the hub cap 28. FIG. 6A
and FIG. 6B show side cross-sectional views 600 and
602, respectively, of the tubular member 201, the hub
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cap 28, and the o-ring 30 of FIG. 5. The proximal portion
202, the intermediate portion 204, and the distal portion
206 of the tubular member 201 form a channel 604 there-
through.
[0036] In designing the geometries of the outer and
inner diameters of the tubular member 201 along its lon-
gitudinal axis B, various factors may be considered. In
particular, the area moment of inertia of a cross-section
of a beam is a property used to calculate a beam’s de-
flection and resulting stresses caused by bending that
beam. The area moment of inertia of a cylindrical tube
(Itube) is defined by Equation 1 below, where OD repre-
sents the outer diameter of the tube and ID represents
the inner diameter of the tube. 

The bending stiffness (K) is the resistance of the tube to
bending defined by Equation 2 below, where P repre-
sents the applied force and W represents an amount of
deflection. 

The bending stiffness (K) is a function of the elastic mod-
ulus (Etube) of the tube, the area moment of inertia of the
tube (Itube), the length of the tube (L) and the bounda-
ry/loading condition of the tube. The relationship between
the applied moment M (force over a length) and the
change in deflection of the tube is given by Equation 3
below. 

Substituting for Itube in Equation 3 yields Equation 4 be-
low.

Although increasing the inner diameter may not be as
effective, a small increase in the outer diameter (OD) of
the majority of the tube leads to a large increase in overall
bending moment, in other words, a stiffer tube. This in-
crease in stiffness enables the movement imparted by
the user at the handle to be more efficiently translated to
the movement of the distal tip, which, as noted above, is
particularly useful in laparoscopic surgical procedures.
[0037] Accordingly, with continued reference to FIG.
6A and FIG. 6B, the outer diameter of the tubular member
201 varies along the longitudinal axis B thereof (for in-

stance, with the outer diameter 210 of the proximal por-
tion 202 being larger than the outer diameter 214 (FIG.
2) of the distal portion 206), thereby providing a stiffer
tubular member 201 than would result otherwise. The
proximal portion 202, the intermediate portion 204, and
the distal portion 206 of the tubular member 201 have an
equivalent inner diameter 608 that remains uniform along
the longitudinal axis B of the tubular member 201. The
view 602 also shows the portion 402 of the tubular mem-
ber 201 inserted into the cavity of the hub cap 28. The
portion 402 has an outer diameter that is smaller than
the outer diameter 210 of the proximal portion 202, and
has an inner diameter that is equivalent to the inner di-
ameter 608 of the proximal portion 202, the intermediate
portion 204, and the distal portion 206.
[0038] FIGS. 7, 8A, and 8B include additional views
700, 800, 802, and 804 of the tubular member 201, hub
cap 28, and o-ring 30 of FIG. 6A and FIG. 6B, showing
additional details regarding the construction thereof. In
some embodiments, the tubular member 201 may be
formed of fiberglass, steel, ceramic, sapphire, carbon fib-
er, composite blends, or any other suitable material. In
another embodiment, the tubular member 201 may be
formed of shape memory fibers that form a structural
weave within a non-conductive substrate. The tubular
member 201, in some examples, may be constructed by
first performing a pultrusion process, whereby material
is pulled through a die resulting in a preliminary tubular
member with a uniform cross section (having an outer
diameter that matches the maximum outer diameter de-
sired of the finally constructed tubular member 201), and
then grinding various portions of the preliminary tubular
member to have the desired outer diameter (for instance,
grinding the intermediate portion 204 and the distal por-
tion 206 to have the outer diameters 212 and 214, re-
spectively, as described and shown in connection with
FIG. 2, and grinding the portion 402 to have the outer
diameter shown in FIG. 4).
[0039] In some embodiments, after the tubular mem-
ber 201 has been formed by pultrusion and grinding,
depth indicators 702 are pad printed on an outer surface
of the tubular member 201 to indicate to the user, during
a surgical procedure, a depth to which the tubular mem-
ber 201 is inserted into the patient. FIG. 7 is a side view
700 of the tubular member 201 of FIG. 4, showing an
illustrative embodiment of the depth indicators 702 that
may be included thereon. The depth indicators 702, in
some examples, may be pad printed at predetermined
locations along the tubular member 201 using a color (for
instance, white) that is different from the color of the re-
mainder of the tubular member 201. The depth indicators
702 may be evenly distributed along a longitudinal axis
B of the tubular member 201. In some instances, the
depth indicators 702 may be grouped together at various
portions of the tubular member 201, for instance, near
boundaries between the proximal portion 202, the inter-
mediate portion 204, and the distal portion 206, to aid
the user in quickly determining which portion(s) of the
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tubular member 201 are within the patient.
[0040] After the depth indicators 702 have been printed
on the outer surface of the tubular member 201, multiple
sizes of heatshrink material 806, 808, 810, 812, 814 are
adhered to the outer surface of the tubular member 201.
In order to match the geometry of the tubular member
201, each of the heatshrink materials 806, 808, 810, 812,
814 has a particular pre-shrunken diameter and shrunk-
en diameter, and is affixed to a corresponding portion of
the tubular member 201 as depicted in view 800. As
shown in view 804, heatshrink material is omitted from
the angled surface 816. As shown in view 802, hub divider
40 is bonded to portion 402 of the tubular member 201
at locations 818 using epoxy or any suitable adhesive,
and area 820 and trocar surface 822 remain unblocked
by any epoxy or adhesive.
[0041] The outer diameter of the tubular member 201
described and shown in connection with FIGS. 2 through
8 increases in a linear manner within the intermediate
portion 204, along the longitudinal axis B, in a direction
from the distal portion 206 to the proximal portion 202.
However, other geometries of tubular members are also
contemplated, for instance, where the outer diameter of
the tubular member increases in a variety of particular
manners (linearly, exponentially, at particular linear or
exponential growth rates, gradually or with steps for tac-
tile feedback effect, and/or the like) within the intermedi-
ate portion along its longitudinal axis B, in a direction from
the distal portion to the proximal portion. FIGS. 9A
through 9L are side views of additional illustrative em-
bodiments of laparoscopic microwave instrument tubular
members 908 through 930. The geometries of the prox-
imal portions 902 and distal portions 906 of the tubular
members 908 through 930 are similar to one another.
However, each of the tubular members 908 through 930
has a particular geometry of the intermediate portion 904.
It should be understood that, while the tubular members
908 through 930 are shown and described for illustrative
purposes, other combination of the aspects of the tubular
members 908 through 930 are also contemplated.
[0042] The intermediate portion 904 of the tubular
member 908 has an outer diameter 932 that increases
linearly, at a uniform angle 934 with respect to the longi-
tudinal axis B, in a direction from the distal portion 906
toward the proximal portion 902.
[0043] The intermediate portion 904 of the tubular
member 910 includes multiple subportions 904a and
904b. The subportions 904a and 904b of the tubular
member 910 have outer diameters 936 and 938, respec-
tively, that increase at angles 940 and 942, respectively,
with respect to the longitudinal axis B, in a direction from
the distal portion 906 toward the proximal portion 902.
[0044] The intermediate portion 904 of the tubular
member 912 has an outer diameter 944 that increases
exponentially in a direction from the distal portion 906
toward the proximal portion 902.
[0045] The intermediate portion 904 of the tubular
member 914 includes multiple subportions 904a and

904b. The subportion 904a of the tubular member 914
has an outer diameter 946 that increases linearly, at an
angle 950 with respect to the longitudinal axis B, in a
direction from the distal portion 906 toward the proximal
portion 902. The subportion 904b of the tubular member
914 has an outer diameter 948 that increases exponen-
tially in the direction from the distal portion 906 toward
the proximal portion 902. Although not shown in FIG. 9D,
in some embodiments, near a junction between the sub-
portion 904a and the subportion 904b of the tubular mem-
ber 914, the outer diameter 946 of the subportion 904a
is greater than the outer diameter 948 of the subportion
904b, thus forming a step at the junction between the
subportion 904a and the subportion 904b.
[0046] The intermediate portion 904 of the tubular
member 916 includes multiple subportions 904a and
904b. The subportion 904a of the tubular member 916
has an outer diameter 952 that increases exponentially
in the direction from the distal portion 906 toward the
proximal portion 902. The subportion 904b of the tubular
member 916 has an outer diameter 954 that increases
linearly, at an angle 956 with respect to the longitudinal
axis B, in a direction from the distal portion 906 toward
the proximal portion 902. Although not shown in FIG. 9E,
in some embodiments, near a junction between the sub-
portion 904a and the subportion 904b of the tubular mem-
ber 916, the outer diameter 952 of the subportion 904a
is greater than the outer diameter 954 of the subportion
904b, thus forming a step at the junction between the
subportion 904a and the subportion 904b.
[0047] The intermediate portion 904 of the tubular
member 918 has an outer diameter 958 that increases
linearly, at an angle 960 with respect to the longitudinal
axis B, in a direction from the distal portion 906 toward
the proximal portion 902. Additionally, near a junction
between the distal portion 906 and the intermediate por-
tion 904, the outer diameter 958 of the intermediate por-
tion 904 is greater than an outer diameter 964 of the distal
portion 906, thus forming a step 962 at the junction be-
tween the distal portion 906 and the intermediate portion
904.
[0048] The intermediate portion 904 of the tubular
member 920 has an outer diameter 966 that increases
linearly, at an angle 968 with respect to the longitudinal
axis B, in a direction from the distal portion 906 toward
the proximal portion 902. Additionally, near a junction
between the intermediate portion 904 and the proximal
portion 902, an outer diameter 970 of the proximal portion
902 is greater than the outer diameter 966 of the inter-
mediate portion 904, thus forming a step 972 at the junc-
tion between the intermediate portion 904 and the prox-
imal portion 902.
[0049] The intermediate portion 904 of the tubular
member 922 has an outer diameter 974 that increases
linearly, at an angle 976 with respect to the longitudinal
axis B, in a direction from the distal portion 906 toward
the proximal portion 902. Additionally, near a junction
between the intermediate portion 904 and the proximal
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portion 902, the outer diameter 970 of the proximal por-
tion 902 is greater than the outer diameter 974 of the
intermediate portion 904, thus forming a step 978 at the
junction between the intermediate portion 904 and the
proximal portion 902. Additionally, near a junction be-
tween the distal portion 906 and the intermediate portion
904, the outer diameter 974 of the intermediate portion
904 is greater than the outer diameter 964 of the distal
portion 906, thus forming a step 980 at the junction be-
tween the distal portion 906 and the intermediate portion
904.
[0050] The intermediate portion 904 of the tubular
member 924 has an outer diameter 982 that increases
exponentially in a direction from the distal portion 906
toward the proximal portion 902. Additionally, near a junc-
tion between the proximal portion 902 and the interme-
diate portion 904 of the tubular member 924, the outer
diameter 970 of the proximal portion 902 is greater than
the outer diameter 982 of the intermediate portion 904,
thus forming a step 984 at the junction between the prox-
imal portion 902 and the intermediate portion 904.
[0051] The intermediate portion 904 of the tubular
member 926 has an outer diameter 986 that increases
exponentially in a direction from the distal portion 906
toward the proximal portion 902. Near a junction between
the distal portion 906 and the intermediate portion 904,
the outer diameter 986 of the intermediate portion 904 is
greater than the outer diameter 964 of the distal portion
906, thus forming a step 988 at the junction between the
distal portion 906 and the intermediate portion 904. Ad-
ditionally, near a junction between the proximal portion
902 and the intermediate portion 904, the outer diameter
970 of the proximal portion 902 is greater than the outer
diameter 986 of the intermediate portion 904, thus form-
ing a step 990 at the junction between the proximal por-
tion 902 and the intermediate portion 904.
[0052] The intermediate portion 904 of the tubular
member 928 includes multiple subportions 904a and
904b. The subportion 904a of the tubular member 928
has an outer diameter 992 that increases linearly, at an
angle 994 with respect to the longitudinal axis B, in the
direction from the distal portion 906 toward the proximal
portion 902. The subportion 904b of the tubular member
928 has an outer diameter 996 that increases linearly, at
an angle 998 with respect to the longitudinal axis B, in a
direction from the distal portion 906 toward the proximal
portion 902. Additionally, near a junction between the
subportion 904a and the subportion 904b of the tubular
member 916, the outer diameter 992 of the subportion
904a is greater than the outer diameter 996 of the sub-
portion 904b, thus forming a step 1000 at the junction
between the subportion 904a and the subportion 904b.
[0053] The intermediate portion 904 of the tubular
member 930 includes multiple subportions 904a and
904b. The subportion 904a of the tubular member 928
has an outer diameter 1002 that increases exponentially,
at a corresponding growth rate, with respect to the lon-
gitudinal axis B, in the direction from the distal portion

906 toward the proximal portion 902. The subportion
904a of the tubular member 930 has an outer diameter
1004 that increases exponentially, at a corresponding
growth rate (which may be equivalent to, or unequal to,
the growth rate at which the outer diameter 1002 of the
subportion 904a grows), with respect to the longitudinal
axis B, in the direction from the distal portion 906 toward
the proximal portion 902.
[0054] In addition to the embodiments shown in FIGS.
9A through 9L, tubular members in some embodiments
may have multiple subportions, each having a corre-
sponding length, respectively, which lengths may be
equivalent to one another or unequal to one another. Ad-
ditionally, each of the subportions may have a corre-
sponding outer diameter that increases at a respective
linear or exponential rate in a direction from the distal
portion 902 toward the proximal portion 906.
[0055] The embodiments disclosed herein are exam-
ples of the disclosure and may be embodied in various
forms. For instance, although certain embodiments here-
in are described as separate embodiments, each of the
embodiments herein may be combined with one or more
of the other embodiments herein. Specific structural and
functional details disclosed herein are not to be interpret-
ed as limiting, but as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present disclosure in virtually any
appropriately detailed structure. Like reference numerals
may refer to similar or identical elements throughout the
description of the figures.
[0056] The foregoing description is only illustrative of
the present laparoscopic microwave ablation instrument
tubular members. Various alternatives and modifications
can be devised by those skilled in the art without depart-
ing from the disclosure. Accordingly, the present disclo-
sure is intended to embrace all such alternatives, modi-
fications and variances. The embodiments described
with reference to the attached drawing figures are pre-
sented only to demonstrate certain examples of the dis-
closure. Other elements, steps, methods, and tech-
niques that are insubstantially different from those de-
scribed above and/or in the appended claims are also
intended to be within the scope of the disclosure.
[0057] The invention may be described by reference
to the following numbered paragraphs:-

1. A tubular member for a laparoscopic microwave
ablation instrument, comprising:

a proximal portion;
a distal portion; and
an intermediate portion interposed between the
proximal portion and the distal portion,
wherein a maximum outer diameter of the prox-
imal portion is greater than or equal to a maxi-
mum outer diameter of the intermediate portion,
wherein the maximum outer diameter of the in-
termediate portion is greater than or equal to a
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maximum outer diameter of the distal portion,
and
wherein the maximum outer diameter of the
proximal portion is greater than the maximum
outer diameter of the distal portion.

2. The tubular member of paragraph 1, wherein the
intermediate portion has an outer diameter at least
a portion of which increases in a direction from the
distal portion to the proximal portion.
3. The tubular member of paragraph 2,
wherein the proximal portion, the distal portion, and
the intermediate portion are each tubular, and
wherein the proximal portion, the distal portion, and
the intermediate portion each have an equivalent in-
ner diameter that remains uniform along a longitudi-
nal axis of the tubular member.
4. The tubular member of paragraph 3, wherein the
outer diameter of the distal portion remains uniform
along a longitudinal axis of the distal portion.
5. The tubular member of paragraph 4, wherein the
outer diameter of the proximal portion remains uni-
form along a longitudinal axis of the proximal portion.
6. The tubular member of paragraph 5, wherein a
length of the distal portion is predetermined based
on an expected insertion depth of the distal portion
into a target tissue.
7. The tubular member of paragraph 5, wherein a
length of the intermediate portion is predetermined
based on an expected insertion depth of the inter-
mediate portion into an abdominal cavity of a patient.
8. The tubular member of paragraph 1, wherein the
intermediate portion has an outer diameter that in-
creases linearly in a direction from the distal portion
toward the proximal portion.
9. The tubular member of paragraph 1,
wherein the intermediate portion includes a plurality
of subportions, and
wherein each of the plurality of subportions has an
outer diameter that increases linearly, at a respective
angle, in a direction from the distal portion toward
the proximal portion.
10. The tubular member of paragraph 1, wherein the
intermediate portion has an outer diameter that in-
creases exponentially in a direction from the distal
portion toward the proximal portion.
11. The tubular member of paragraph 1,
wherein the intermediate portion includes a plurality
of subportions, and
wherein each of the plurality of subportions has an
outer diameter that increases exponentially, at a re-
spective growth rate, in a direction from the distal
portion toward the proximal portion.
12. The tubular member of paragraph 1,
wherein the intermediate portion includes a first sub-
portion and a second subportion,
wherein the first subportion has an outer diameter
that increases linearly in a direction from the distal

portion toward the proximal portion, and
wherein the second subportion has an outer diame-
ter that increases exponentially in the direction from
the distal portion toward the proximal portion.
13. The tubular member of paragraph 12, wherein
the first subportion and the second subportion are
arranged in a direction from the distal portion to the
proximal portion.
14. The tubular member of paragraph 13, wherein,
near a junction between the first subportion and the
second subportion, the outer diameter of the second
subportion is greater than the outer diameter of the
first subportion, thus forming a step at the junction
between the first subportion and the second subpor-
tion.
15. The tubular member of paragraph 12, wherein
the first subportion and the second subportion are
arranged in a direction from the proximal portion to
the distal portion.
16. The tubular member of paragraph 15, wherein,
near a junction between the first subportion and the
second subportion, the outer diameter of the first
subportion is greater than the outer diameter of the
second subportion, thus forming a step at the junc-
tion between the first subportion and the second sub-
portion.
17. The tubular member of paragraph 1, wherein the
intermediate portion has an outer diameter that in-
creases linearly in a direction from the distal portion
toward the proximal portion, and wherein, near a
junction between the distal portion and the interme-
diate portion, the outer diameter of the intermediate
portion is greater than an outer diameter of the distal
portion, thus forming a step at the junction between
the distal portion and the intermediate portion.
18. The tubular member of paragraph 17, wherein,
near a junction between the intermediate portion and
the proximal portion, an outer diameter of the prox-
imal portion is greater than the outer diameter of the
intermediate portion, thus forming a step at the junc-
tion between the intermediate portion and the prox-
imal portion.
19. The tubular member of paragraph 1, wherein the
intermediate portion has an outer diameter that in-
creases exponentially in a direction from the distal
portion toward the proximal portion, and wherein,
near a junction between the distal portion and the
intermediate portion, the outer diameter of the inter-
mediate portion is greater than an outer diameter of
the distal portion, thus forming a step at the junction
between the distal portion and the intermediate por-
tion.
20. The tubular member of paragraph 19, wherein,
near a junction between the intermediate portion and
the proximal portion, an outer diameter of the prox-
imal portion is greater than the outer diameter of the
intermediate portion, thus forming a step at the junc-
tion between the intermediate portion and the prox-
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imal portion.

Claims

1. A tubular member for a laparoscopic microwave ab-
lation instrument, comprising:

a proximal portion;
a distal portion; and
an intermediate portion interposed between the
proximal portion and the distal portion,
wherein a maximum outer diameter of the prox-
imal portion is greater than or equal to a maxi-
mum outer diameter of the intermediate portion,
wherein the maximum outer diameter of the in-
termediate portion is greater than or equal to a
maximum outer diameter of the distal portion,
and
wherein the maximum outer diameter of the
proximal portion is greater than the maximum
outer diameter of the distal portion.

2. The tubular member of claim 1, wherein the interme-
diate portion has an outer diameter at least a portion
of which increases in a direction from the distal por-
tion to the proximal portion.

3. The tubular member of claim 2,
wherein the proximal portion, the distal portion, and
the intermediate portion are each tubular, and
wherein the proximal portion, the distal portion, and
the intermediate portion each have an equivalent in-
ner diameter that remains uniform along a longitudi-
nal axis of the tubular member; preferably, wherein
the outer diameter of the distal portion remains uni-
form along a longitudinal axis of the distal portion.

4. The tubular member of claim 3, wherein the outer
diameter of the proximal portion remains uniform
along a longitudinal axis of the proximal portion; pref-
erably wherein a length of the distal portion is pre-
determined based on an expected insertion depth of
the distal portion into a target tissue; and/or wherein
a length of the intermediate portion is predetermined
based on an expected insertion depth of the inter-
mediate portion into an abdominal cavity of a patient.

5. The tubular member of any preceding claim, wherein
the intermediate portion has an outer diameter that
increases linearly in a direction from the distal portion
toward the proximal portion.

6. The tubular member of claim 1,
wherein the intermediate portion includes a plurality
of subportions, and
wherein each of the plurality of subportions has an
outer diameter that increases linearly, at a respective

angle, in a direction from the distal portion toward
the proximal portion.

7. The tubular member of claim 1, wherein the interme-
diate portion has an outer diameter that increases
exponentially in a direction from the distal portion
toward the proximal portion.

8. The tubular member of claim 1,
wherein the intermediate portion includes a plurality
of subportions, and
wherein each of the plurality of subportions has an
outer diameter that increases exponentially, at a re-
spective growth rate, in a direction from the distal
portion toward the proximal portion.

9. The tubular member of claim 1,
wherein the intermediate portion includes a first sub-
portion and a second subportion, wherein the first
subportion has an outer diameter that increases lin-
early in a direction from the distal portion toward the
proximal portion, and
wherein the second subportion has an outer diame-
ter that increases exponentially in the direction from
the distal portion toward the proximal portion.

10. The tubular member of claim 9, wherein the first sub-
portion and the second subportion are arranged in
a direction from the distal portion to the proximal por-
tion.

11. The tubular member of claim 9, wherein, near a junc-
tion between the first subportion and the second sub-
portion, the outer diameter of the second subportion
is greater than the outer diameter of the first subpor-
tion, thus forming a step at the junction between the
first subportion and the second subportion.

12. The tubular member of claim 8, wherein the first sub-
portion and the second subportion are arranged in
a direction from the proximal portion to the distal por-
tion; preferably wherein, near a junction between the
first subportion and the second subportion, the outer
diameter of the first subportion is greater than the
outer diameter of the second subportion, thus form-
ing a step at the junction between the first subportion
and the second subportion.

13. The tubular member of any preceding claim, wherein
the intermediate portion has an outer diameter that
increases linearly in a direction from the distal portion
toward the proximal portion, and wherein, near a
junction between the distal portion and the interme-
diate portion, the outer diameter of the intermediate
portion is greater than an outer diameter of the distal
portion, thus forming a step at the junction between
the distal portion and the intermediate portion; pref-
erably wherein, near a junction between the inter-
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mediate portion and the proximal portion, an outer
diameter of the proximal portion is greater than the
outer diameter of the intermediate portion, thus form-
ing a step at the junction between the intermediate
portion and the proximal portion.

14. The tubular member of any preceding claim, wherein
the intermediate portion has an outer diameter that
increases exponentially in a direction from the distal
portion toward the proximal portion, and wherein,
near a junction between the distal portion and the
intermediate portion, the outer diameter of the inter-
mediate portion is greater than an outer diameter of
the distal portion, thus forming a step at the junction
between the distal portion and the intermediate por-
tion.

15. The tubular member of claim 14, wherein, near a
junction between the intermediate portion and the
proximal portion, an outer diameter of the proximal
portion is greater than the outer diameter of the in-
termediate portion, thus forming a step at the junction
between the intermediate portion and the proximal
portion.
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