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FIG. 1

(57) Abstract: A device for clearing obstructions from a medical tube includes an enclosure having an interior and an exterior, the
enclosure comprising a distal opening for providing access to the interior of the enclosure. The device further includes a spool
provided within the enclosure that is rotatable about an axis and an elongated guide member coupled to the spool such that rotation
o of the spool causes the guide member to wind or unwind about the spool. The device further includes a drive mechanism, that is op -
erable to rotate the spool within the enclosure without compromising a sterile field within the enclosure.
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MEDICAL TUBE CLEARANCE DEVICE

CROSS-REFERENCE TO RELATED APPEICATIONS

{60011 This application claims the bencfit of U.S. Provisional Application No.

61/940,713, filed Febroary 17, 2014, which is incorporated in its entirety herein by reference.

TECHNICAL FIFLD

[6002] This application rclates generally to a medical tube assembly and, more
specifically, to a device for clearing obstructions from a medical tube of the medical tube

assembly.

BACKGROUND

{80031 Mecdical tubes can be used to deliver fluids or devices into a body and/or
drain bodily fluids and sccretions from compartments and structures within the body. For
example, medical tubes can be used to drain fluid from one’s bladder, from the colon or other
portions of the alimentary tract, or from the lungs or other organs in conjunction with various
therapies. As another cxample, medical tubes can be used to drain blood and other fluids that
typically accumulate within the body cavity following traumatic surgery. As yet another
exarmple, medical tubes can be used to deliver fluids to a body for nourishment or they can be
used to provide access to the vasculature for removal or delivery of fluids or devices.
Typically, a medical tobe is inserted into the patient so that its distal end 15 provided in or
adjacent the space where it is desired to remove or deliver material while a proximal portion
remains outside the patient’s body, where it can be connected, for exarople, to a suction

SQUICe.

(8004} Fluids passing through a medical tube (particularly those including blood or
blood platelets) can form clots or other obstructions within the medical tube, which can
partially or totally obstruct the suction pathway within the tube. Obstruction of the medical
tube can impact its effectiveness to remove or deliver the fluid and other material for which it
was originally placed, eventually rendering the medical tube partially or fotally non-

functional. In some cases, a non-functional tube can have serious or potentially life-
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threatening consequences.  For example, if there is 2 blockage in a chest tube following
cardiac or pulmonary surgery, the resulting accumulation of fhuid around the heart and hungs
withowt adequate drainage can causc serious adverse cvents such as pericardial tamponade

and pncumothorax.

SUMMARY
[8005] The following presents a simplified summary of the disclosure in order to

provide a basic understanding of some example aspects described in the detailed description.

(80086} In accordance with a first aspect, a device for clearing obstructions from a
medical tube compriscs an eonclosure having an interior and an exterior, the enclosure
comprising a distal opening for providing access to the interior of the enclosure. The device
further comprises a spool provided within the enclosure that is rotatable about an axis and an
clongated guide member coupled to the spool such that rotation of the spooi causes the guide
member to wind or unwind about the spool. The device further comprises a drive mechanism
that is operablce to rotate the spool within the enclosure without compromising a sterile ficld

within the enclosure.

(8007} In accordance with a second aspect, a medical tube configured to be coupled
to a clearance device that is operable to move a clearance member of the clearance device
between a fully advanced state within the medical tube and retracted state comprises a main
body and at least one pair of associated markings arranged on the main body such that cutting
the main body at cach of the associated markings will produce a cut tube portion with a distal
end and a proximal end, the cut tube portion being configured such that when the cut tube
portion is coupled with the clearance device and the clearance member 18 moved within the
cut tube portion to the fully advanced state, the clearance member will be advanced to a

predetermined or user-selected location within the cut tube portion.

16008} In accordance with a third aspect, an assembly comprises a medical tube and
an indicator device that is configured to be aligned with the medical tube to indicate at least
one pair of locations to cut the medical tube. Cutting the medical tube at a particular pair of

such locations will producc a cut tube portion with a distal end and a proximal end, the cut



10

20

WO 2015/123677 PCT/US2015/016183

fube portion being configured such that when coupled with a particular clearance device
operable to move a clearance member from a retracted state to a fully advanced state within
the cut tube portion, the clearance member will be disposed at a predetermined or user-

selocted location within the cut tube portion in the fully advanced state.

BRIEF DESCRIFTION OF THE DRAWINGS

[0008] Embodiments of the invention arc better understood when the following

detailed description is read with reference to the accompanying drawings, in which:
(8010 FiG. 1 is a schematic view of a medical tube assembly;

(8011} FIG. 2 is an cxploded view of a device for clearing obstructions from a

medical tube of the medical tube assembly;

(8012} FIG. 3 is a perspective view of an example guide member and clearance

member of the device:

(8013} FIG. 4 is a perspective view of another example guide member and clearance

member of the device;

{8014} FIG. 5 is a perspective view of the guide member and clearance member

shown in FEG. 4 in a reverse configuration;

[8015] FIG. 6 is a cross-sectional view of the device coupled to the medical tube

with an example medical tube connector;

[0016] FIG. 7 is a cross-sectional view of the device coupled to a discharge tube

with an exarmple discharge connector;

(8017 FiG. 8 is a schematic view of the device coupled to the medical tube with an

example y-connector according to a first configuration;

(8018} FIG. 9 is a schematic view of the device coupled to the medical tube with the

example y-connector according to a second configuration:
o [4d é:' 3
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(8018} FIG. 10 is a cross-sectional view of a drive mechanism of the device

according to one example configuration;

(802087 FIG. 11 is a cross-sectional view of the drive mechanism of the device

according to ancther example configuration;

LA

(80217 FIG. 12 is a schematic view of the device comprising a motor, a transmission

mechanism, and a control system;
160227 FIG. 13 is a perspective view of the device comprising a rotating knob;

(8023 FIG. 14 is a cross-sectional of the device comprising one or more spool

clements and drive elements;

i0 10024 FIG. 15 is a partial broken-away view of the device showing a guide feature

of the device according to onc example configuration;

[8025] FIG. 16 is a similar view as in FIG. 15 showing the guide feature of the

device according to another example configuration;

[8026] FiG. 17 is a close-up longitudinal cross-sectional view of the device showing

i5  acompression clement of the device according to one example configuration;

(80277 FIG. 18 is a close-up lateral cross-sectional view of the compression element

shown in FEG. 17 taken along hine 18-18;

(60287 FIG. 19 s a close-up longitudinal cross-sectional view of the device showing

a compression glement of the deviee according to another example configuration;

20 100281 FIG. 20 is a close-up lateral cross-sectional view of the coropression element

shown in FEG. 19 taken along line 20-20;

(60307 FIG. 21 i8 a perspective view of one embodiment of the medical tube

asscmbly that compriscs a drainage receptache;
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(8031} FIG. 22 is a schematic view of the medical tube according to onc example

embodiment;

[8032] FIG. 23 is a schematic view of the medical tube shown in FIG, 22 after

being cnt;

[8033] FIG. 24 is a schematic view of the medical tube according to another

example embodiment;

[6034] FIG. 28 is a schematic view of the medical tube shown in FIG, 24 after

being cut;

16035] FIG, 26 1s a flow chart illustrating steps of a method of calibrating a medical
tube; and

16036} FIG, 27 5 a flow chart illustrating steps of a method of clearing obstructions

trom a medical tube using a device for clearing obstructions from the medical tube.

DETAILED DESCRIPTION

(80377 Certain terminology s used herein for convenience only and is not to be
taken as a limitation on the present invention. Relative language used herein is best
understood with reference to the drawings, in which like numerals are used to identity like or
similar ttems. Fuorther, in the drawings, certain features may be shown in somewhat

schematic form.

180381 i is to be noted that the terms “proximal” and “distal” as used hercin when
describing two ends or portions of a feature indicate a relative positioning that those two ends
or portions will gencrally have along an in-line system that is tied to a patient, the distal end
or portion being closer to the paticnt than the proximal end or portion. For example, in an in-
linc system comprising a widget that draws tluid from the patient through the widget along a
flow path, a distal end or portion of a widget will be closer to a patient than a proximal end or

portion of the widget along the flow path of the fluid.
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(8039 Examples will now be described more fully hercinafter with reference to the
accompanying drawings in which example embodiments are shown, Whenever possible, the
samge reference numerals are used throughout the drawings to refer to the same or like parts,
However, aspects may be embodied in many different forms and shouid not be construed as

{imited to the embodiments set forth herein.

(60401 As shown in FIG. 1, a medical tube assembly 18 can comprise a medical
tube 12 and a device 14 for clearing obstructions from a medical tube 12, The medical tube
12 can be a tube having a length, an inner diameter, and an outer diameter that can each vary
between different embodiments. Indeed, the medical tube 12 can have a variety of different
shapes and configurations without departing from the scope of the invention. The medical
tube 12 can be used to drain bodily fhuids and sccretions from within body compartments and
structures such as, for example, fluid from within a person’s bladder, colon, hangs, brain,
thoracic cavity, or any other body structure. The medical tube 12 can alternatively be used to
deliver fluids or devices to a body compartment or structure. In some examples, the medical
tube 12 can be used to drain bodily fluids and sceretions from within body compartments and

structures and deliver the fluids to other body compartments and structures.

(8041} The medical tube 12 can comprise a proximal opening 16 and a distal
opening 18 and can be inserted into a patient so that its distal opening 18 is provided in or
adjacent the space where it 18 desired o remove or deliver material while the proximal
opening 16 remains outside the patient’s body. In the example shown in FIG, 1, the proximal
opening 16 and distal opening 18 respectively coincide with a proximal and distal end of the
medical tube 12, However, in some examples, the proximal opening 16 and/or distal opening

18 may be openings along the medical tube 12 that are intermediate its ends.

160421 Turing to FIGS, 2-8, the device 14 can comprise a spool 28 that is rotatable
about an axis X and an clongated guide member 22 which, as will be discussed in further
detail below, can be advanced or withdrawn through the medical tube 12 to heip dislodge
and/or draw obstructing material within the medical tube 12 without compromising a sterile

ficld within the medical tube §2.
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(8043} In some examples, the guide member 22 can comprise a wire having a
substantially circular cross-section (as shown in FIGS, 2 & 3} while in other examples, the
guide member 22 can comprise a flat tape having a substantially rectangular cross-scction {as
shown in FIGS. 4 & 53, The guide member 22 can comprise a proximal end 24 and a distal
end 26. The proximal end 24 of the guide member 22 can be coupled to the spool 20.
Morcover, in some embodiments, the device 14 can comprise one or more clearance
merabers 28 that can be coupled to the distal end 26 or other portions of the guide member
22, 1t is to be noted that the term “coupled” as used herein when describing two or more
features means that the features can be imtegral with cach other or that the featurcs can be
separate features that are removably or non-removably attached to cach other using various
means such as threads, fasteners, hooks, clips, adhesive, welds, or other means of attaching
two scparate features. For example, in some embodiments, the coupled guide member 22 and
clearance member 28 may be integral components formed together of a singic piece of wire,

while the coupled guide member 22 and spool 28 may be scparately attached features.

(80441 When the guide member 22 is coupled to the clearance member 28 and
inserted within the medical tube 12, the guide member 22 can guide the clearance member 28
through the medical tube 12 as the guide member 22 is advanced or withdrawn through the
medical tube 12, The clearance member 28 can be configured such that as the clearance
member 28 is guided through the medical tube 12 by the guide member 22, the clearance
member 28 can help dislodge and/or draw obstructing material within the medical tube 12
For example, the clearance member 28 can comprise a wire 38 comprising a plurality of coils
arranged in a spiral configuration, as shown in FIGS. 4 & 5. The wire 38 can comprise a
material with elastic or shape memory propertics such as, for example, nickel-titanium that
allows the plurality of coils to expand or conform to various shapes and sizes of the medical
tube 12. Morcover, depending on which direction the clearance member 28 is being
translated through the medical tube 12, the plurality of coils can reverse their conformation fo
produce substantially conical configurations of coils facing opposite directions, thereby
reducing the resistance exeried on the clearance member 28 by the walls of the medical tube
12. If the medical tube 12 comprises any fluid intake apertures in its side walls, the wire 38

can comprise an end portion 32 that is sized or otherwise configured so that the end portion
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32 will not fit through such apertures and potentially extend laterally out of the medical tube

12.

[8045] In other examples, the wire 38 of the clearance member 28 may comprise a
loop or other structure that presents substantially no impediment to flow throngh the medical
tube 12 past the clearance member 28 regardiess of whether the clearance member 28 is at
rest or being actuated within the medical tube 12, In a further embodiment, the clearance
member 28 can comprise a brush with a plurality of bristles rather than the wire 36. The
clearance member 28 can comprise any member that is translatable through the medical tube

12 to dislodge and/or draw obstructing material accummilated within the medical tube 2.

{8848} The guide member 22 can be coupled to the spool 28 such that rotation of the
spool 28 about the axis X causes the guide member 22 to wind or unwind about the spool 28
and move between an advanced state and a retracted state. In some embodiments, the distal
end 26 of the guide member 22 may be positioned within the medical tube 12 and coupled to
the clearance member 28, If the spool 20 is rotated in ong direction, the guide member 22
will wind about the spool 28, causing the guide member 22 and the coupled clearance
member 28 to translate away from the distal opening I8 of the medical tube 12 (i.c., retract).
Alternatively, if the spool 28 is rotated in the opposite direction, the guide member 22 will
unwind about the spool 28, causing the guide member 22 and the coupled clearance member
28 to translate toward the distal opening I8 of the medical tube 12 (ic., advance}. Thus,
rotation of the spool 26 can control the position and operation {actuation) of the guide

member 22 and coupled clearance member 28 within the medical tube 12.

{60477 The guide member 22 can comprise a material with clastic or shape memory
propertics such as, for example, nickel-titanium that aliows the guide member 22 to conform
to the curvature of the spool 20 when wound about the spool 20 and also allows the guide
member 22 take on or resume a more lingar shape or configuration when advancing through
the medical tube 12, Preferably, the guide member 22 comprises a material that s rigid
enough to advance the clearance member 28 through the medical tube 12 when coupled to
thereto. However, the guide member 22 may comprise a variety of different shapes, sizes and

materials without departing from the scope of the invention.
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(8048} In some embodiments, one or both of the clearance member 28 and the guide
member 22 can be coated with at least one of a pharmacologic material, an anti-
thrombogenic material, and an anti-infective material to assist in treating materials inside the

medical tube 12,

(804381 As shown in FIGK, 2, the deviee 14 can comprise an enclosure 34 having an
interior 36 and an exterior 38, The spool 26 and at least a portion of the guide member 22 can
be provided within the interior 36 of the enclosure 34. The device 14 can be configured such
that the enclosure 34 can be coupled with the medical tube 12 and the spool 28 can be rotated
to advance or retract the guide member 22 within the medical tube 12 without compromising

a sterile field within the medical tube 12 and the interior 36 of the enclosure 34.

(80501 More specifically, the enclosure 34 can comprise a first half portion 48 and a
second half portion 42 that are coupled together. For example, the first and second half
portions 48, 42 can be separate portions that are attached to cach other using threaded
fasteners or other attaching means to form a hermetical scal therebetween. The enclosure 34
can further comprise one or more opening portions for providing access to the interior 36 of
the enclosure 34. For example, the enclosure 34 can comprise a distal opening 46 and in
some cxamples, the enclosure 34 can also comprisc a proximal opening 5§ for providing

access {o the interior 36 of the enclosure 34,

(8051} In some cxamples, the device 14 can comprise one or more connectors 1o
couple the opening portions of the enclosure 34 to the medical tube 12 or other structure and
form a closed passageway therebetween. B to be noted that the phrase “closed passageway”
as used herein is meant to describe a passageway that s not exposed to an cxterior
environment between its inlet and outlet, thereby preserving a sterile ficld that may be
present within the passageway. For instance, as shown in FIG. 1 & 6, the dovice 14 can
comprise a medical tube connector 52, The medical tube connector 82 can be coupled to the
distal opening 46 of the enclosure 34 and is removably coupleable to the medical tube 12 to
form a first closed passageway 84 for fluid communication between the cnclosure 34 and the
medical tube 12 through the medical tube conncctor 82, The device 14 can also comprise a

drainage conncctor 86, as shown in FIG, 1 & 7. The drainage connector 86 can be coupled to
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the proximal opening 88 of the cnclosure 34 and is removably coupleable to drainage
structure such as, for example, a drainage tube 68 of the medical tube assembly 18, to form a
second closed passageway 64 for fluid communication between the enclosure 34 and the
drainage structure through the proximal opening 88 of the enclosure 34. As such, the medical
tube 12, dramage tube 68, and cnclosure 34 can form a closed passageway whercin the
medical tube 12 and the drainage tube 60 arc in fluid communication with cach other through
the cnclosure 34, The medical tube assembly 18 can comprise a vacuum source 62 that can
be coupled to a proximal cnd of the drainage tube 68 to sclectively provide a vacuum that
draws fluid from a paticnt into the medical tube 12, then from the medical tube 12 into the
enclosure 34 through the distal opening 46 of the enclosure 34, and then from the enclosure

34 into the drainage tube 60 through the proximal opening 56 of the enclosure 34.

[6052] As can be seen in FIG. 6, the medical tube connector 82 can have a first
internal diameter that 18 in contingity with an internal diameter of the medical tube 12 and a
second internal diameter in continuity with an internal diamcter of the distal opening 46 of
the cnclosure 34, thus providing the first closcd passageway 84 with a continuously smooth
pathway between the medical tube 12 and the distal opening 46. Similarly, as can be scen in
FIG. 7, the drainage connector 86 can be a straight connector that has a variable internal
diameter {similar as the medical tube connector 52 just described) that is in continuity with
both an internal diameter of the drainage tube 68 and an internal diameter of the proximal
opening 86 of the onclosure 34, thus providing the second closed passageway 64 with a

continuously smooth pathway between the drainage tube 68 and the proximal opening 806,

16053} In some cmbodiments, the device 14 can comprise a 3-way connecter 66 that
is coupled to the distal opening 46 of the enclosure 34 and removably coupleable to the
medical tube 12 and optionally the drainage tube 68, as shown in FIGS, 8 & 9. For cxample,
the 3-way connecter 66 can comprisc g primary branch 68 that splits into an axial branch 70
and a lateral branch 72. The axial branch 78 can be arranged substantially hinear and coaxial
with the primary branch 68 to form a lincar pathway 74 and the lateral branch 72 can be
arranged so that i extends in a lateral direction from the primary branch 68 to form an angled

pathway 76.

10
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[8054] The primary branch 68 of the 3-way conncecter 66 can be coupled to the
medical tube 2. Meanwhile, the axial and lateral branches 78, 72 can be capped or coupled
to cither the distal opening 46 of the enclosure 34 or drainage structure such as the drainage
tube 68. For example, in one embodiment, the axial branch 78 may be coupled to the
drainage tube 68 and the lateral branch 72 may be coupled with the distal opening 46 of the
enclosure 34, as shown in FIG. 8. If the enclosure 34 comprises the proximal opening 88, the
proximal opening S8 can be capped to close access to the enclosure 34 from the external
covironment through the proximal opening 5¢. The medical tube 12, drainage tube 68, and
enclosure 34 can thus form a closcd passageway whercin the medical tube 12 and the
drainage tube 60 arc in fluid communication with cach other through the linear pathway 74
The vacuum source 62 can be coupled to the drainage tube 68 to sclectively provide a
vacuum that draws fluid from a paticnt into the medical tube 12, through the lincar pathway

74, and then into the drainage tube 6§ without passing through the enclosure 34.

[6055] In another embodiment, the axial branch 78 can be coupled to the distal
opening 46 of the enclosure 34 and the lateral branch 72 can be coupled to the drainage tube
60, as shown in FIG, 9. If the enclosure 34 comprises the proximal opening 88, the proximal
opening 54 can be capped. The medical tube 12, drainage tube 68, and enclosure 34 can thus
form a closed passageway wherein the medical tube 12 and the drainage tube 60 are in fluid
communication with cach other through the angled pathway 76. The vacuum source 62 can
be coupled to the drainage tube 68 to sclectively provide a vacuum that draws fluid from a
paticnt into the medical tube 12, through the angled pathway 76, and then into the drainage

tube 68 without passing through the enclosure 34,

[8056] The connectors 82, 86, 66 described above can be rigid or flexible structures
that can be coupled to the medical tube 12, enclosure 34, drainage tube 68, or other drainage
structure to provide a varicty of different closed passageways. Moreover, the connectors 82,
56, 66 can be coupled to the medical tube 12, enclosure 34, drainage tube 68, or other
drainage structure using various means such as threaded couplings, quarter-turn locks, push-
button locks, or other guick-connect means that will preserve a sterile field within and

between the connected elements. Furthermore, in some embodiments, the tube 12, enclosure

11
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34, drainage tube 68, or other drainage structure can be coupled together using other

connecters such as, for example, T-connecters or connecters with more than three ports.

(80571 In some examples, the device 14 can comprise an isolation member 78 that
can be configured to help isolate the enclosure 34 from the medical tube 12 when the device
14 is coupled to the medical tube 12 using a connecter such as, for example, one of the
connccters 82, 66 described above. For instance, when the deviee 14 is coupled to the
medical tube 12 as shown in FIG, 8, the isolation member 78 may be provided within the
lateral branch 72 of the 3-way connecter $6 to inhibit fluid communication through the lateral
branch 72 but permit the guide member 22 to translate through, thus helping to isolate the
enclosure 34 from the fluid and debris traveling through the lincar pathway 74, As another
example, when the deviee 14 is coupled to the medical tube 12 as shown in FIG. 9, the
isolation member 78 can be provided within the axial branch 7¢ of the 3-way connecter 66 to
inhibit fluid comununication through the axial branch 78 but permit the guide member 22 to
translate through, thus helping to isolate the enclosure 34 from the fluid and debris traveling
through the angled pathway 76. In other examples, the isolation member 78 may be provided
within the connecter 52, Indeed, in some cxamples, the isolation member 78 may be located
in-linc between the cnclosure 34 and a connecter or between the medical wbe 12 and a
connccter, The isolation member 78 can be a seal and/or valve and may be contained within

any housing.

[6058] When the device 14 is coupled to the medical tube 12 using, for example, the
connecters 82, 66 described above, a closed passageway can be formed between the
enclosure 34 and the medical tube 12 for the guide member 22 to extend through. More
specifically, a distal portion of the guide member 22 can extend through the distal opening 46
of the enclosure 34 and into the medical tube 12, A remaining, proximal portion of the guide
merber 22 can remain within the enclosure 34 and coupled to the spool 28. As the guide
member 22 is wound onto or off of the spool 28, the guide member 22 will be respectively
retracted or advanced through the distal opening 46 of the enclosure 34 and the medical tube

12
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(80597 The device 14 can further comprise a drive mechanism 88 that is operable to
rotate the spool 20 within the enclosure 34 and move the guide member 22 between an
advanced state and a retracted state without compromising a sterile ficld within the enclosure
34; i.e. without ¢xposing the interior of the enclosure 34 to the exterior environment. In a
first example embodiment the drive mechanism 88 can comprise a drive shaft 82, a rack ¥§,
and a pinion gear 96, as shown in FIGS. 2 & 18-11. The drive shaft 82 can cxtend throngh a
drive shaft opening 92 of the enclosure 34. Morcover, the drive shaft 82 can be coaxial with
and coupled to the spool 28 and in some cxamples the drive shaft 82 can be coaxial with and
coupled to the pinion gear 98, For instance, as shown in FEG. 18, the drive shaft 82 can be an
assembly comprising a stem portion 94 of the pinion gear 94 and an axle portion 96 of the
spool 26 that is inserted within the stem portion 94 of the pinion gear 98 and coupled thereto.
However, in some cxamples, the stem portion 94 of the pinion gear 98 may be inscrted
within the axle portion 96 of the spool 28 and coupled thereto, Moreover, in other cxamples,
the drive shaft 82 may comprise just the stem portion 94 of the pinion gear 98 (as shown in
FIG. 1), just the axle portion 96, or some other structore/assembly that extends through the

drive shaft opening 92 and is coaxial with and coupled to the spool 28.

(80601 As shown in FIG. 2, the rack 88 can be provided outside of the enclosure 34
and can be engaged with the pinion gear 98 such that lincar translation of the rack 88 causcs
the pinion gear 98 and thereby spool 28 to rotate about the axis X. In some examples, the
drive mechanism 88 can comprisc a handle member 98 that is coupled to the rack 88 and can
be used to translate the rack 88 manually. Rotation of the pinion gear 98 causcs the drive
shaft 82 to rotate, which in turn causes the spool 28 to rotate. Thus, the rack 88 and pinion
gear 90 of the drive mechanism 88 can be operated fo rotate the spool 28 within the enclosure
34 and conirol translation of the guide member 22 and coupled clearance member 28 within
the medical tube 12 to engage and break up clots or occluding material in the medical tabe
12, As the clearance member 28 engages and breaks up clots or occlading material in the
medical tube 12, suction mside of the medical tube 12 from the vacuum source 62 can draw
the clots or occluding material from the medical tube 12 and through the drainage tube 60

proximally towards a drainage receptacie.
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(8061} In some examples, the device 14 can further comprise a drive housing 160
for the drive mechanism 88, The rack 88 of the drive mechanism 88 can be provided within
and translatable through the drive housing 188, Morcover, at least a portion of the drive shaft
82, pinion gear 90 and handle member 98 can be provided within the housing 188, For
example, at lcast a portion of the drive shaft 82 will typically be located within the enclosure
34, such that the spool 28 is journaled for rotation about that shaft. The housing 16§ can
COMPriSC ONe OF MOre opening portions that provide access to an interior of the housing 164,
For cxample, the housing 108 can comprisc a drive shaft opening 162 through which the
drive shaft 82 can cxtend, and a handle member opening portion 184 through which the
handle member 98 can extend. The drive housing 100 can shield the exposed portion of the
drive shaft 82 and the pinion gear 98¢ from debris in order to prevent contamination from
cncountering the scal member (hercinafter described) through which the drive shaft 82
penetrates the drive housing 188 in order to help preserve the sterility within the drive

housing 108,

180621 In a further embodiment, the drive mechanism 8& can comprise a motor 186
that is opcrable to sclectively rotate the drive shaft 82 and the spool 28 coupled to the drive
shatt 82, as shown in FIG, 12, In some cxamples, the motor 106 can be coupled dircetly to
the drive shaft 82, thus replacing the pinion gear 96 and rack 88. In other examples, the
motor 186 can drive the pinion gear 990, the rack 88 or some other transmission mechanism to

selectively rotate the drive shaft 82 and the spool 28,

(8063 In vet a further embodiment, the drive mechanism 88 can comprisc a
rotatable knob 108 that can be connected to rotate the drive shaft 82 and the spool 28 coupled
to the drive shaft 82, as shown in FIG. 13, The knob 168 can be coupled directly to the drive
shaft 82, replacing the pinion gear %8 and rack 88. In other embodiments, the knob 108 can
be rotated to drive the pinion gear 98 to rotate the drive shatt 82 and the spool 28, The knob
108 can be configured such that one complete manual rotation of the knob 108 will
correspond to a pre-sct nuraber of rotations of the spool 28; i.2., so that one manual rotation
of the knob 168 will result in varying degrees of insertion or refraction of the guide member

22 in the medical tube 12,
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[8064] In the cxample embodiments of the drive mechanism 88 described above, the
drive shaft 82 extends through a drive shaft opening 92 of the enclosure 34 in order to couple
with external clements {e¢.g. within drive housing 186} for rotating the shaft and thus the
spool 28. Referring now to FIGS, 18-11, to help preserve the sterile field within the
enclosure 34 and prevent the introduction of contaminants through drive shaft opening 92,
the device 14 can further comprise a scal member 10 configured to inhibit fluid
communication between the interior 36 and the exterior 38 of the enclosure 34 through the
drive shaft opening 92. For instance, in some cxamples the scal member 118 can comprisce an
O-ring that is compressed between the drive shaft 82 and the drive shaft opening 92 to form a
scal therebetween, as shown in FIG., 18, In other embodiments, the seal member 1318 can
comprisc a wiper gasket {e.g., a diaphragm scal) that also forms a scal between the drive
shaft 82 and the drive shaft opening 92, as shown in FIG, 11, The wiper gasket has the
ability to expand and contract in the axial dircction X, which can help compensate for axial
movement of the drive shaft 2. Morcover, the wiper gasket can provide a scal that provides
less resistance to rotation of the drive shaft 82 but still helps to preserve the sterile ficld

within the enclosure 34,

(8065 Turning now to FEG. 14, in a further embodiment the drive mechanism 80
can comprisc ong or more magucetic spool clements 112 that are provided within the interior
36 of the enclosure 34 and coupled to the spool 28. The drive mechanism 88 can further
comprise onc or more magnetic drive clements 114 that are provided outside of the enclosure
34 and magnctically coupled to the onc or morce spool clements 112, For instance, cach spool
clernent 112 can comprise a magnet or a magnetic material that can be magnetically coupled
to one or more drive elements 114 and vice versa. The maguoet can comprise various shapes
and sizes {¢.g., round, square, bar, ¢tc.) and can have various maguoetization oricntations {¢.g.,

axial, diametric, ete.).

(6068} The drive clements 134 can be magnetically coupled to the spool elements
112 such that revolution of the drive clements 114 about the axis X causes the spool clementis
112 and thereby spool 28 to rotate about that axis. To rotate the drive clerents 114, the drive

clements 114 can be coupled to a motor 186, which can be operable to selectively rotate the
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drive elements 114, In an alternative example (not shown) the drive clements 114 can be
coupled to a handle or crank that can be reversibly mated to the enclosure 34 when it is
desired to rotate the spool 28 within in order to actuate the clearance member. In this
embodiment, the associated handle or crank can be manually rotated once the drive clements
114 have been magnetically coupled through the enclosure 34 wall to the associated spool

clements 112, thereby driving the spool and actuating the clearance member.

(8067} The drive cloments 114 and spool clements 112 in the embodiment described
above may be provided on opposite sides of a wall of the enclosure 34 and can be
magnetically coupled through the wall of the enclosure 34. Thus, in the above embodiment
there is no need for a drive shaft to penctrate through an opening in the enclosure 34, As
such, the magnetic actuation of the spool 28 described in the above embodiment can
climinate the need for a drive-shaft opening, thus climinating a potential pathway for

contamination of the sterile field within the enclosure 34.

{6068} In any of the example embodiments of the drive mechanism 8¢ described
above, the drive mechanism 80 can comprise a transmission mechanism 128 that is coupled
between a driving clement {c.g. motor, pinion gear, rotating handle, crank, ctc.) and a driven
clement {e.g. the drive shaft of the spool}. The transmission mechanism transmits driving
foree from the driving eloment to the driven element. For example, as schematically shown in
FIG. 12, the transmission mechanism 128 may be coupled to and configured fo transmit
rotational force between the motor 106 and the drive shaft 82, In other examples, the
transmission mechanism 126 may be coupled to and configured to transmit rotational force to
the drive shaft 82 from a pinion gear 98, knob 108, or any other clement of the drive
mechanism 8§ that 15 movabic to cause rotation of the drive shaft 82. The transmission
mechanism 128 can incorporate one or a scrigs of gears that offectively fix or adjust a drive
ratio between the driving clement and the driven clement as known in the art. For instance,
the transmission mechanism 128 can adjust or fix the drive ratio such that one complete
rotation of the driving element (e.g. handle or motor crank) produces two, three, four, or any
other nomber of corresponding rotations of the spool 28 to cither wind or unwind the guide

member 22, The transmission mechanism 128, if present, can be used to control the degree

16



10

[
(941

]
(941

WO 2015/123677 PCT/US2015/016183

of rotation of the spool 28, and correspondingly how far the guide member 22 is advanced or
retracted, based on the degree of rotation (c.g. manual actuation} of the driven member, such

as a handle rotated by hand or a pinion gear driven by a rack 8.

[6069] Tuming now to FIGSK. 15 & 16, in some embodiments the device 14 can
further comprise a guide portion 124 that can be configured to help direct the guide member
22 onto or off of the spool 28. More specifically, the guide portion 124 can comprise a guide
channcl 126 that the guide member 22 transiates through when the spool 20 is rotated. The
guide channel 126 can be an aperture that cxtends through the guide portion 124 {as shown in
FIG. 18) or the guide channcel 126 can be notch or slot that extends inward from an cdge of
the guide portion 124 (as shown in FIG. 16). In some examples, the guide portion 124 can
comprise a gasket 128 that defines the guide channel 126, as shown in FIG, 15, The gasket
128 can comprisc a rubber material or any other material that can provide a smooth surface
for the guide member 22 to rub against when translating through the guide channel 126.
Moreover, the gasket 128 can be configured to provide a scal that inhibits the transter of fhuid

or other materials through the guide channel 126 and into the arca surrounding the spool 26,

{0070] The guide channel 126 can comprise a dimension that is equal to or slightly
larger than a dimension of the guide member 22, For example, if the guide channel 126 is an
aperture, the diameter of the aperture may be equal to or slightly larger than a diameter of the
guide member 22, As another example, if the guide channel 126 is an open slot, the width of
the open slot may be cqual to or slightly larger than a width of the guidec member 22, By
“slightly larger” it is meant that the difference between the dimension of the guide channel
126 and the dimension of the guide member 22 is preferably less than or equal to 0.005
inches and still more preferably, less than or equal to 0.001 inches. When the guide channel
126 compriscs a dimension that is equal to or slightly larger than a dimcension of the guide
member 22, the guide portion 124 can help scrape debris or other material off of the guide
roember 22 as the guide member 22 franslates through the guide channel 126, However, the
guide channel 126 can be more than shightly larger in dimension than the guide merober 22 in
some cmbodiments and in some embodiments, the guide chanvel 126 can be smaller in

dimension than a the guide member 22 to produce an interference fit,
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(8071} In some examples, the guide portion 124 can comprise a one-way ¢lastomeric
valve or brush that can be configured to scrape off the guide member 22 as the guide member
22 is wound onto or off of the spool 28. The guide portion 124 can comprise any portion that
is configured to direct and/or scrape the guide member 22 as the guide member 22 is wound

onto or off of the spool 28.

(60721 In some embodiments, the device 14 can further comprise a compression
clement 138 that presses the guide member 22 against the spool 28 while the guide member
22 is wound about the spool 28, as shown in FIGS, 17-28. The compression clement 138 can
comprise one or more compression wheels 132 (as shown in FEGS., 17 & 18). The
compression wheels 132 may be provided about the circumfercnce of the spool 28 and
coupled to the enclosure 34. The compression wheels 132 can be fixed within the enclosure
34 or the compression wheels 132 can be rotatable about an axis parallel to the axis X In
some cxamples, the spool 28 can comprise a circumferential groove 134 and the compression

wheels 132 can cxtend at least partially within the circumferential groove 134,

(8073} The compression element 138 can additionally or altornatively comprise at
lcast one rib 138 (as shown in FIGS, 19 & 28). The rib 138 can extend about at least a
portion of the circumference of the spool 28, For examples wherein the spool 28 comprises
the circumferential groove 134, the rib 138 can extend at lecast partially within the

circumferential groove 134

[86074] The compression wheels 132 and/or rib 138 of the compression clement 136
can be distanced from the spool 28 such that a gap is provided between the spool 28 and the
compression wheels 132 and/or rib 138 for the guide member 22 to extend through when
wound about the spool 28. The gap can be sized such that the compression wheels 132 and/or
rib 138 of the compression clement 138 will press the guide member 22 against the spool 26
while the guide member 22 s wound about the spool 26, thus helping to ensurce that the guide
member 22 will be wound tightly against the spool 28 and inhibiting the gmide member 22

trom binding as the guide member 22 is wound onto or off of the spool 248.
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(8075} In some ombodiments, the device 14 can comprise a control system 140
configured to automatically control operation of the drive mechanism 88 and/or detect
various operating parameters of the medical tube assembly 16, as shown schematically in

FIG. 12

(8078} For cxample, in some embodiments, the control system 148 can be
configured to sclectively operate the motor 1086 to rotate the spool 28 and thus stroke the
guide member 22 to provide one or more predetermined stroke cycles. One stroke can be an
actuation of the guide member 22 from an advanced state to a retracted state and back to the
advanced state. Alternatively, one stroke can be an actuation of the guide member 22 from a
retracted state to an advanced state and back to the retracted state. In a further alternative, one
stroke can refer to actuation of the guide member 22 only between the retracted and
advanced states or vice versq. The precise scope of actuation of the guide member 22
constituting a ‘stroke’ in a particular case may be determined in the judgment of the

clinicians responsibic for patient care.

(8077} The control system 148 can be configured to stroke the guide member 22 to
provide a predetermined stroke cycle wherein the guide member 22 is stroked mtermittently
for a sot number of strokes with a sct period of time between and/or during strokes. As
another example, the controf system ¥48 can be configured to stroke the guide member 22 to
provide a predetermined stroke cycle wherein the guide member 22 is stroked contimuously
for a set number of strokes with no period of time between strokes, As another example, the
control system 14@ can be configured to stroke the guide member 22 to provide a
predetermined stroke cycle wherein the guide member 22 is stroked only once. The conirol
system 148 can be configured to stroke the guide member 22 to provide a plurality of

different predetermined stroke cycles.

[8078] The control system 140 can comprise a user interface 142 that can permit the
user to select and/or initiate execution of a predetermined stroke eycle and/or adjust variables
of the stroke cyele such as how many times the guide member 22 should be stroked, how
much time is between strokes, a position of the guide member 22 in the retracied state, a

position of the guide member 22 in the advanced state, or any other variable. The user
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interface 142 can comprise a touch-screen, one or more switches or buttons, or any other
feature that permits a user to sclect and/or initiate execution of the predetermined stroke

cvele and/or adjust variables of the stroke cycle.

(60791 In some embodiments, the control system 140 can comprise a sensor 144
configured to detect one or more operating parameters of the medical tube assembly 18, For
example, in one embodiment the sensor 144 can be configured to detect at east one or more
of the following operating parameters: a} a degree of translation of the guide moember 22
and/or clearance member 28; b} a degree of rotation of the spool 28; ¢} a length and/or
position of the distal opening 18 of the medical tube 12; d} a torque in the drive mechanism
80 such as, for cxample, a torque in the drive shaft 82, pinion gear 98, or the axle portion 96
of the spool 28; ¢) a pressure in the medical tube 12; £) a pressure in the drainage tube 6§;
and g) any other operating parameter of the medical tube assembly §8. For instance, the
sensor 144 may be a continuity circuit used to detect a position of a hreak/or cut in the
medical tube 12, a hall cffect sensor, a torgue sensor, a pressure sensor, or some other type of
sensor configured to detect onc or more operating parameters of the medical tube assembly

16,

(80801 The control system 148 can be configured to sclectively operate the motor
106 bascd on the opcerating paramcter detected by the sensor 144, For instance, if the sensor
144 detects a pressure in the medical ftube 12 or drainage tube 66 that indicates the presence
of an obstruction in the medical tube 12, the control system 148 can be configured to operate
the motor 166 to stroke the guide member 22 and coupled clearance member 28 through the
medical tube 12 and help dislodge and/or draw the obsiructing material within the medical
tube 12, As another cxample, if the scnsor 144 detects a torque in the drive mechanism 80
during operation that exceeds an upper limit set for the motor 166 or some other component
of the drive mechanism 88, the control system 148 can be configured to stop operation of the

rootor 186 and optionally sound an alarm.

(80811 In some embodiments, the operating parameter detected by the sensor 144
may be defined to have a lower limit and/or upper limit for cach variable. Morcover, the

control system 144 can comprise an alarm 146 that is configured to sclectively activate bascd
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on the operating parameter detected by the sensor 144, For example, the alarm 146 can be
configured to activate when the detected operating parameter is at or below the lower limit or
at or above the upper limit. For instance, the alarm 146 can be configured to activate when a
detected torque in the drive mechanism 88 exceeds an upper limit for the motor 186 or some

other component of the drive mechanism 86,

(60821 The medical tube assembly 18 can comprise a drainage receptacie 188 into
which material passing through the device 14 and/or drainage tube 6% can be delivered, as
shown in FIG, 21, FEG 21 shows an onboard drainage receptacle that is portable and coupled
to the clearance deviee 14, however other configurations arc possible.  In the illustrated
embodiment the device ¥4 is coupled to the receptacie 186 and oriented such that the medical
tube connected thereto extends at an angle {e.g. a 90° angle) relative to the pathway through a
port in the receptaclie 158 through which cvacuated obstructing material wili be deposited
into the receptacic 1584, In this embodiment such material will negotiate a bend or turn in the
vacuum pathway {as shown in FIG, 21). Alternatively, the device 14 can be oriented such
that its connection to the medical tabe 12 resulis in a substantially lincar path from the
medical tube 12 into the receptacie 1588 through the aforementioned port so that evacuated
obstructing material will be deposited into the canister 158 along a substantially lincar
vacuum pathway and the clbow shown in FIG, 21 {(or other path-redirecting structure) will

not be necessary.

[6083] The receptacle 188 can take on a variety of different configurations without
departing from the scope of the invention. For example, the receptacle 156 can be a spring
loaded drainage canister, a bulb drain canister, a chest drainage canister, or any other type of
drainage receptacle into which material passing through the device 14 and/or drainage tube

&8 can be delivered.

[0084] As described above, the device 14 of the medical tube assembly 18 can be
coupled to the medical tube 12 and the drive mechanism 88 of the device 14 can be operated
to rotate the spool 20 and actuate the guide member 22 and coupled clearance member 28
through the medical tube 12 to help dislodge and/or draw the obstructing material within the

medical tube 12, In some cmbodiments, the deviee 14 can comprise additional means to
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assist in actuation of the guide member 22 such as, for example, ultrasonic vibration or a
magnetic shuttic coupled to the medical tube 12, Morcover, in some embodiments, one or
more features of the medical tube assembly 1€ can be configured to help control how far the
clearance member 28 translates through the medical tube 12 during actuation of the guide

member 22,

[6085] For cxample, in some embodiments, the device 14 can be operable to move
the clearance member 28 between a retracted state and a fully advanced state and one or
more features of the device 14 can be calibrated to the medical tube 12 such that when the
device 14 is coupled with the medical tube 12 and the clearance member 28 is in the fully
advanced state, the clearance member 28 will be located at a predetermined location L3
within the medical tube 12 (sec FIG. 1) As discussed in further detail below, the
predetermined location L1 can be a location relative to an end of the medical tube 12 or some

other portion of the medical tube 12.

{6086} For instance, in one example, the spool 28 of the device 14 can be manually
or automatically rotated from a first position whercin the guide member 22 is at [cast
partially wound about the spool 2¢ and the clearance member 28 is in a retracted state to a
sccond position, wherein the guide member 22 is fully unwound from the spool 28 and the
clearance member 28 is in the fully advanced state. The length of the guide member 22 can
be calibrated such that when the deviee 14 is coupled with the medical tube 12 and the
clearance member 28 is in the fully advanced state, the clearance member 28 will be located

at the predetermined location L1 within the medical tube 12

(60871 In another cxample, the control system 148 can be configured to selectively
operate the motor 1086 to rotate the spool 28 and stroke the guide member 22 such that the
clearance member 28 moves between a fully advanced state and a retracted state, wherein
when the device 14 is coupled with the medical tube 12 and the clearance member 28 is in
the fully advanced state, the clearance member 28 will be located at the predetermined
location L1 within the medical tube 12, For instance, in some cxamples the sensor 144 of the
control system 148 can be configured to detect a length and/or position of the distal opening

18 of the medical tube 12 by using, for cxample, a hall effect sensor, a continuity circuit used
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to detect a position of a break and/or cut in the medical tube 12, or some other means. Based
on the detected measurement, the control system 140 can provide a predetermined stroke
cvele for the guide member 22 to stroke the guide member 22 such that when the clearance
member 28 is in a fully advanced state, the clearance member 28 will be located at the
predetermined location L1 within the medical tube 12, In other examples, the user interface
142 of the control system 148 can be used to select or set a predetermined stroke cyele for the
guide member 22 to stroke the guide member 22 such that the clearance member 28 moves
between a fully advanced state and a retracted state, wherein when the clearance member 28
is in the fully advanced state, the clearance member 28 will be located at the predetermined
location L1 within the medical tube 12. The control system 140 can be configured in a
varicty of ways to stroke the guide member 22 such that the clearance member 28 moves
between a fully advanced state and a retracted state, wherein when the clearance member 28
is in the fully advanced state, the clearance member 28 will be located at the predetermined

{ocation L1 within the medical tube 2.

[8088] The predetermined location L1 can be a location relative to the distal opening
18 of the medical tube 12 that is located within the medical tube 12 such that the clearance
member 28 is preferably within 2 em of the distal opening 18 and more preferably, within 1
cm of the distal opening 18 at the predetermined location L1, This can help censure that the
clearance member 28 passes through a substantial portion of the medical tube 12 when
moving between its fully advanced state to its retracted state to help dislodge and/or draw the
obstructing material within the medical tube 12, Still more preferably, the predetermined
location L1 can be located within the medical tobe 12 soch that the clearance member 28 15
spaced a distance from the distal opening 18 that 15 equal to or greater than 0.5 cm. This can
help cosure that the clearance merober 28 will not extend through the distal opening 18 of the
medical tube 12 during actuation of the clearance member 28. However, in other
embodiments, the predetermined location L1 can be a location relative to the proximal
opening 16 that is located such that the clearance member 28 is a certain predetermined
distance from the proximal opening 16 of the medical twbe 12 Morcover, in some
embodiments, the predetermined location LI can be a location relative to other structure of

the medical tube 12 such as, for cxample an aperture of the medical tube 12, The
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predetermined location L1 can be located such that the clearance member 28 is distal or
proximal of an aperture in the medical tube 12 in the fully advanced position. The
predetermined location L1 can be a location located anywhere and relative to any structure

within the medical tube 12 without departing from the scope of the invention.

[8089] In other embodiments, the length of the medical tube 12 can be calibrated to
the device ¥4 and a patient. More specifically, the length of the medical tube 12 can be
adjusted such that when the device 14 is coupled with the length adiusted medical tube and
the clearance member 28 is in the fully advanced state, the clearance member 28 will be
located at a predetermined or user-sclected location within the adjusted medical tube.
Moreover, the length of the medical tube 12 can be adjusted such that a distal, residing
portion P of the adjusted medical tube will be correctly sized for a patient. For instance, in
one example the medical tube 12 can comprise a main body 160 and at lcast onc pair of
markings 162 that is arranged on the main body 168 such that cutting the main body 166 at
cach marking 162 will create a cut tube portion 164 with a distal end 166 and a proximal end
168, as shown in FIGS, 22 & 23, Each marking 162 can be a drawn line, a notch, a
projection, or any other feature that can indicate a position to cut the main body 168,
Morcover, a plurality of such markings 162 can be provided as graduations along a linc or
multipic lines that arc aligned with g longitudinal axis of the medical tube 12 in order to
facilitate a desired residing-portion P length {which will reside inside a patient in use) while
cunsuring that the overall length of the medical tube 12 is calibrated to accommodate the

clearance member 28 in its fully-advanced state,

160901 By cutting the main body 168 at a selected marking 162 near its distal end,
the cut tube portion 164 will have a distal, residing portion P {c.g. whercin apertures for the
drainage of fluid arc provided in the tube 12} having a predetermined or user-selected length.
The residing portion P can be a portion of the cut tube portion 164 that is intended to reside
cutirely within a paticnt when the distal end 166 of the cut tube portion 164 is located in a
desired coropartment of a patient. For instance, the residing portion P can be defined by a
section of the cut tube portion P having a branched tumen or a plurality of apertures {(noted

above) that 18 desired to reside entirely within the patient. By cutting the main body 168 at a
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sclected marking 162 near its distal end, the residing portion P can have a predetermined or
user-selected length matched to a pationt such that when the distal ond 166 of the cut tube
portion 164 is located in a desired compartment of the patient, the residing portion P will

reside entirely within the patient and will not extend outside of the patient.

[8091] By cutting the main body 168 at the marking 162 ncar its proximal end that
corresponds to the marking 162 where the tube was cut near its distal end {(to define the
length of the residing portion P), the cut tube portion 164 will be configured such that when
the device 14 is coupled with the cut tube portion 164 and the clearance member 28 is in the
fully advanced state, the clearance member 28 will be located at a predetermined or user-
sclocted location L2 within the cut tube portion 164, The location L2 can be a location
relative to the distal end 166 that is located within the cut tube portion 164 such that the
clearance member 28 is preferably within 2 om of the distal end 166 and more preferably,
within 1 cm of the distal end 166 at the location L2, Sull more preferably, the location L2
can be 3 location within the cut tube portion 164 such that the clearance member 28 is spaced
a distance from the distal end 166 that is cqual to or greater than 0.5 cm. However, the
location L.2 can be any predetermined or uscr-sclected location relative to any structure of the

cut tube portion 164 without departing from the scope of the invention.

{6092] In the cxample described above, the at least one pair of markings 162 is
configured for calibration of the medical tube 12 for use with the device 14 described above
and to produce a residing portion P having a particular, predetermined or user-selected
length, However, in some embodiments, the at lcast one pair of markings 162 can similarly
be configured for calibration of the medical tube 12 for use with other devices that are
operable to move a clearance member between a fully advanced state and a retracted state.
Furthermore, the length of the produced residing portion P can vary in different
embodiments. Still further, in some embodiments the medical tube 12 can comprise multiple
pairs of associated markings, wherein each pair of associated markings is configured fo
produce an residing portion P having a particular length and to calibrate the medical tube 12
for use with a particular device that 1s operable to move a clearance member between a folly

advanced state and a retracted state. In this manner, the medical tube 12 can be calibrated
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using the pairs of markings for use with various clearance devices and to produce residing
portions P of various lengths that are matched to a particular patient/procedure. If mmltiple
pairs of markings are provided, cach pair can be distingumished using different numbers,
letiers, colors, marking lengths, or any other means to distinguish between the multiple pairs

of markings.

[6093] In another cxample, the medical tube 12 can comprisc a main body 174 and
the medical tube assembly 1@ can comprisc an indicator device 172 that is configured to be
aligned with the medical tube 12 such that alignment with the medical tube 12 will indicatc a
pair or respective pairs of locations to cut the main body 178 at to create a cut tube portion
174 having a calibrated length with a distal end 176 and a proximal end 178, as shown in
FIGS, 24 & 25 For instance, in one example, the indicator device 172 can be a guide that
comprises an end 186 and at least one pair of indicators 182, The indicator device 172 can be
aligned longitudinally with the medical tube 12 such that the end 188 is aligned with the
proximal opening 16 or distal opening 18 of the medical tube 12, When aligned as such, the
pair of indicators 182 can indicate a pair of locations to cut the main body 176 to create the
cut tube portion 174, Each indicator 182 can be a line, a notch, a projection, an aperture, or
any other feature that can indicate a location along its length. In other cxamples, the indicator
device 172 can be a sleeve that the medical tube 12 can be inserted into, wherein when the
medical tube 12 s inserted within, a pair of indicators of the sleeve can indicate a pair of
locations to cut the main body 178 to create the cut tube portion 174, The indicator device
172 can be any device configured to be aligned with the medical tube 12 such that alignment
with the medical tube 12 will indicate a pair or pairs of locations to cut the main body 178 fo
create a cut tube portion 174 having a calibrated length while defining a desired-length

residing portion P,

{80941 By cutting the main body 178 at an indicated location near its distal end, the
cut tabe portion 174 will have a distal, residing portion P having a predetermined or user-
selected length as described above. The residing portion P can be a portion of the cut tube
portion 174 that is intended to reside entirely within a patient as described above. For

instance, the residing portion P can be defined by a section of the cut tube portion P having a
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branched lumen or a plurality of apertures that is desired to reside entirely within the patient.
By cutting the main body 178 at a particular indicated location near its distal end, the
residing portion P can have a predetermined or user-selected length matched to a patient such
that when the distal end 176 of the cut tube portion 174 13 located in a desired compartment
of the patient, the residing portion P will reside entirely within the patient and will not extend

outside of the patient.

[8095] By cutting the main body 170 at the indicated location near its proximal end
that is associated with or corresponds to the indicated location where it was cut near its distal
end, the cut tube portion 174 will be configured such that when the device 14 is coupled with
the cut tube portion 174 and the clearance moember 28 is in the fully advanced state, the
clearance member 28 will be located at a predetermined or user-selected location L3 within
the cut tube portion 174, The location L3 can be a location relative to the distal end 176 that
is located within the cut tube portion 174 such that the clearance member 28 is preferably
within 2 c¢m of the distal end 176 and more preferably, within 1 cm of the distal end 176 at
the location L3. Still morc preferably, the location L3 can be a location within the cut tube
portion 174 such that the clearance member 28 is spaced a distance from the distal end 176
that is cqual to or greater than 0.5 cm. However, the location L3 can be any location relative

to any structure of the cut tube portion 164 without departing from the scope of the invention.

[8096] In the cxample described above, the at least one pair of indicators 182 is
configurcd for calibration of the medical tube 12 for use with the device 14 described above
and to producc a residing portion P having a particular, predetormined or user-selected
length. However, in somce embodiments the at icast onc pair of indicators 182 can be
similarly configured for calibration of the medical tube 12 for use with other devices that are
operable to move a clearance member between a fully advanced state and a retracted state.
Furthermore, the predetermined or user-sclected length of the residing portion P can vary in
different embodiroents, Sull further, in some embodiments the indicator device 172 can
comprise multiple pairs of indicators, wherein each pair of indicators is configured to
produce a residing portion P having a particular, predetermuned or user-selected length and to

calibrate the medical tube 12 for use with a particular device that is operable to move a
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clearance member between a fully advanced state and a retracted state. In this manner, the
medical tube 12 can be calibrated using the indicator device 172 to be used with various
clearance devices and to produce residing portions P of various lengths matched to a
particular patient/procedure. I multiple pairs of indicators are provided, each pair can be
distinguished using different numbers, letters, colors, indicator portion lengths, or any other

means to distinguish between the multiple pairs of indicator portions,

(8097} An example method 266 will now be described of calibrating a medical tube
for a clearance device that is operable to move a clearance member of the clearance device
between a fully advanced state and a retracted state. The clearance device may be the device
14 described above or the clearance device may be some other clearance device. As shown in
FIG. 26, the method 288 can comprise the step 282 of providing a medical tube comprising a
main body such as, for example, the medical tube 2 comprising the main body 168
described above. The method 206 can further comprise the siep 204 of cutting the main body
to create a cut tube portion with a distal end and a proximal end, the cut tube portion being
configured such that when the cut tube portion is coupled with the clearance device and the
clearance member is within the cut tube portion in the fully advanced state, the clearance
meraber will be located at a predetermined location within the cut tube portion. The produced
cut tube portion can also have a distal, residing portion comprising a predetermined length
such that when a distal end of the cut tube portion s located in a desired compartment of a
patient, the residing portion will be located entirely within the patient such that the residing
portion P will not extend outside of the patient. For example, the medical tobe 12 can
comprise the at least onc pair of markings 162 described above and the step 204 can
comprise the step of cutting the main body 168 at the markings 162 to create the cut tube
portion. As another exarople, the step 204 can comprise the steps of a) providing an indicator
device comprising an indicator portion such as, for example, the indicator device 172
comprising the at least one pair of indicator portions 182 described above; by aligning the
indicator deviee with the medical tube such as, for example, by aligning the end 180 of the
indicator device 172 the proximal opening 16 or distal opening 18 of the medical tube 13
and ¢) cutting the main body at a location indicated by the pair of indicator portions fo create

the cut tube portion.
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(8098} As shown in FIG, 27, in a further method 218 a step 212 of coupling the
medical tube 12 to the distal opening 42 of the device 14 is performed, for example by using
either of connectors 82, 66 as described above. The method 218 can further comprise the step
214 of operating the drive mechanism 8§ to rotate the spool 20 and thereby move the guide
member 28 and coupled clearance moember 28 within the medical tube 12 between an
advanced state and a retracted state without compromising a sterile field within the enclosure
34. For example, the drive mechanism 8¢ can be operated using the rack 88 and pinion gear
46, the motor 106, the knob 188, the one or more drive clements 114, and/or the control
system 140 as discussed above. The method 218 can further comprise the step 216 of
applying a vacuum to the medical tube 12 while the guide member 28 and coupled clearance
member 28 arc moved between the advanced state and retracted state. This can be
accomplished for example by coupling one end of the drainage tube 60 to the vacoum source
62 and another end of the drainage tube 64 to cither the proximal opening 88 of the device 14

or the 3-way connecter 66 and then operating the vacuum source 62 to apply the vacuum.

(80981 llustrative embodiments have been described, hercinabove. ft will be
apparent to those skilled in the art that various modifications and variations can be made
without departing from the spirit and scope of the claimed invention. It is intended to include

all such modifications and alterations within the scope of the present invention.
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CLAIMS

What is claimed is:

(¥
[y

A device for clearing obstructions from a medical tube comprising:
an enclosure having an interior and an exterior, the enclosure comprising a distal
opening for providing access to the interior of the enclosure;
a spool provided within the enclosure that is rotatable about an axis;
an clongated guide member coupled to the spool such that rotation of the spool
10 causes the guide member to wind or unwind about the spool; and
a drive mechanism that is operable to rotate the spool within the enclosure

without compromising a sterile field within the enclosure.

2. The device according to claim 1, wherein the drive mechanism comprises a drive
i5  shaft extending through a drive shaft opening of the enclosure and s coaxial with the

spool, wherein rotation of the drive shatt causes rotation of the spool,

3. The device according to claim 2, further comprising a seal member configured to
inhibit fluid cornmunication between the interior of the enclosure and the exterior of the

20 enclosure through the drive shaft opening.

4. The device according to claim 3, wherein the seal member comprises an O-ring or

a wiper gasket and provides a seal between the drive shaft and the drive shaft opening.

25 S, The device according to claim 2, wherein the drive mechanism comprises:
a pinton gear that is coaxial with and coupled to the drive shaft; and
a rack outside of the enclosure that is engaged with the pinton gear such that

lingar translation of the rack causes the pinion gear and thereby the spool to rotate.
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6. The device according to claim 5, further comprising a drive housing, wherein the
rack is translatable through the drive housing and the drive shaft extends into the housing

through a drive shaft opening of the enclosure.

7. The device according to claim 6, further comprising a handle member coupled to

the rack.

8. The device according to clairn 2, wherein the drive mechanism comprises a rootor

that is operable fo rotate to the drive shaft.

9. The device according to claim 8, further comprising a control system configured
to sclectively operate the motor to rotate the spool and stroke the guide member to

provide one or more predetermuned stroke cyeles.

16, The device according to claim 1, wherein the drive mechanism comprises one or
more magnetic spool elements coupled to the spool and one or more magnetic drive
clements provided outside of the enclosure and magnetically coupled to the one or more

magnetic spool elements,

Pl The device according to claim 1, further comprising a sensor configured to detect
at least one operating parameter selected from the group consisting off

a degree of transiation of the guide member;

a degrec of rotation of the spool;

a length of the medical tube;

a torgue in a drive mechanism of the deviee;

a pressure in the medical tube; and

a pressure in a drainage tube that is coupled to the enclosure.

12. The device according to claim 11, further comprising an alarm that is configured

to activate based on the operating paramcter detected by the sensor.
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13. The device according to claim 1, further comprising a medical tube connector that
is coupled to the enclosure and removably coupleable to the medical tube to form a
closed passageway for fluid communication between the enclosure and the medical tube

through the medical tube conncector.

4. The device according fo claim 13, wherein the closed passageway has a

continuously smooth internal diameter.

15, The device according to claim 14, wherein the enclosure further comprises a
proximal opening and the device further comprises a drainage tube connector that is
coupled to the enclosure via said proximal opening and removably coupleable to a

dramage.

16.  The device according to claim 15, wherein the drainage tube is removably
coupled to the enclosure and a vacnum source is coupled to the drainage tube to provide a

vacuum that draws fluid from the enclosure into the drainage tube through the proximal

opening.
17.  The device according to claim 1, further comprising a clearance member coupled

to an end of the guide member, wherein the clearance member comprises an elastic wire

having a phurality of coils arranged in 8 spiral configuration.

1&. The device according to claim 1, further comprising a guide portion having a

guide channel through which the guide member translates when the spool is rotated.

19, The device according to claim 1, further comprising a compression clement that

presses the guide member against the spool.

24, The device according to claim 19, wherein the compression clement comprises at

least one of a compression wheel and a rib.
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21, A method of clearing obstructions from a medical tube using the device according
to claim 1, the method comprising the steps of!
coupling a medical tube to the distal opening of the device; and

operating the drive mechanism to rotate the spool and thercby move the guide

(941

member within the medical tube between an advanced state and a retracted state without
compromising said sterile ficld, which is at least partially defined between the enclosure

and the medical tube.

22, A medical tube configured to be coupled to a clearance device operable to move a
10 clearance member of the clearance device between a fully advanced state within the
medical tube and a retracted state, the medical tube comprising:
a main body; and
at least one pair of associated markings arranged on the main body such that
cutting the main body at each of said associated markings will produce a cut ftube portion
15 with a distal end and a proximal end, the cut tube portion being configured such that
when the cut tube portion is coupled with the clearance device and the clearance member
is moved within the cut tube portion to the fully advanced state, the clearance member

will be advanced to a predetermined or user-selected ocation within the cut tube portion.

24 23, An assembly comprising:
a medical tube; and
an indicator device that is configured to be aligned with said medical tube to
indicate at least one pair of locations to cut the medical tube to produce a cut tube portion
with a distal end and a proximal end, the cut tube portion being configured such that
25  when coupled with a particular clearance device operable to move a clearance member
from a retracted state to a fully advanced state within the cut tube portion, said clearance
member will be disposed at a predetermined or user-selected location within the cut tube

portion in said fully advanced state.
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AMENDED CLAIMS
received by the International Bureau on 04 August 2015 (04.08.2015)

What is claimed is:

A device for clearing obstructions from a medicsl tube comprising:

L
—

an enclosurs having an interfor and sn exterior; the enclosure comprising a distal
cpetiing for providing access to the interior of the enclosurg;
a spool provided within the enclosure that is rotatable shout an axis;
an elongated guide member coupled to the spool, whereln rotation of the spoat in
f0 afirst direction causes the guide member to unwind about the spool and advance through
the distal opening, and wherein redation of the spool in a second direction causes the
guide member to wind about the speol and retract through the distal opening; and
a drive mechanism that is operable to rotate the spool within the enclosure
without compromising a sterile fleld within the enclosurs,
A The device according to claim 1, wherein the drive mechanism comprises a drive
shaft extending through a drive shafl openiag of the enclosure and 15 coaxial with the
spool, wherein rotation of the drive shaft causes rotation of the spool.
20 3 The device according to claim 2, further comprising & seal member configured to
inhibit fluld commmication between the interior of the enclosure and the exterior ofthe

enclosure through the drive shaft opening,

4, The device according to elaim: 3, wherein the seal member comprises an O-ring or

a wiper gasket and provides a seal between the drive shaft and the drive shaft opening.

o]
L)

5. The device according to cJaim 2, wherein the drive mechanism comprises:
a pinion gear that is coaxial with and coupled to the drive shaft; and
a rack cufside of the enclosure that is engaged with the pinion gear such that

30, lineariranslation of the rack cavses the pinion gear and thereby the spool fo rotate.

8. The device according fo claim §, further comprising a drive housing, wherein the
rack is translatable through the drive housing and the drive shaft extends nto the housing

through a drive shaft opening of the enclosure.
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7. The device acoording to clalin 6, further comprising a handle member coupled 1o
the rack.
5 & The device according o claim 2, wherein the drive mechanism comprises 8 motor

that is operable to rotate 1o the drive shaft.

g The device according to claim §, further comprisiog a contred systens confipured
1o selectively operate the motor 1o rotate the spool and stroke the guide member 1o

10 provide one or more predetermined stroke gyeles,

14, The device according to claim {, whersin the drive mechanism comprises one or
more magnetic spoc! elements coupled to the spool and one or more magnetic drive
slements provided outside of the cnclosure and magnetically coupled to the one or mare

15 magnetic spool elements.

It.  The device according toclaim 1, further comprising a sensor configured io deteci
at least one operating parameter selected from the group consisting ofb
a degree of ranslation of the guide member;
20 a degree of rotation of the spool;
a length of the medical twbe;
a torgue in a drive mechanism of the device;
a pressure in the medical tube; and

& prossure in & drainage tube that is coupled to the enclosure.

)
T

The device according to claim 11, further comprising an alaroy that is cenfigured

to activate based on the operating parameter detected by the sensor.

13, The device acoosding 1o olaim 1, further comprising a medical tube connecior that
30 is coupled to the enclosure and removably coupleable to the medical tube to frm a
closed passageway for fluid corammunication between the enclosure and the medical tabe

through the medical fube connertor,

35
AMENDED SHEET (ARTICLE 19)



WO 2015/123677 PCT/US2015/016183

14, The device according to claim 13, wherein the <losed passageway has a

continuobsly smooth internal diameter.

15.  The device according to claim 14, wherein the enclosure further comprises a
§  proximal opening aid the device further comprises a drainage tube connector that is
soupled 1o the enclosure via said proximal opening and removably coupleable to a

drainage.

16, The device according to claim 135, wherein the drainage tube is removably
0 coupled to the enciosure and 8 vacuum source is coupled to the drainage tube to provide a
vacuum that draws fluid from the snclosure into the drainage tube through the proimal

apening.

17, The device according to claim |, further comprising a clearance member coupled
1S 10 an end of the guide member, wherein the clearancs member comprises an elastic wire

having a plurality of coils arranged in 2 spiral configuration.

18.  The device according to elaim 1, further comprising a guide portion having a
guide channel through which the guide member transiates when the spool is rofated.

20
19, The device according toclaim 1, further comprising a compression glerent that

presses the guide member against the spood,

20, The device according to ciaim 19, wherein the compression element comyprises at

25 least one of'a compression wheel and a rib.

21, A methad of clearing obstructions from a medical tube using the device according
to claim 1, the method comprising the steps of:
coupiing the medical tube ¢ the distal opening of the device; and
30 operating the drive mechanism 1o rotate the spoot and thereby mave the guide
rmember within the medical tube between an advanced state-and a retracted state without
compromising a sterile fickd at least partially defined within the enclosure and the

maedical tube,
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22, A medical tube configured to be coupled fo & clearance device operable to move a
olearance member of the clearance device between a refracted state and fully advanced
state, the medical tube somprising:
a mait body; and

3 at least one pair of markings arranged on the main body such that cutting the main
body at each marking will create a cut tube portion with a distal end and a proximal end,
the cut tube portion being configured such thet when the cut tube portien is coupled with
the clearance device and the clearanice mamber s moved within the cul tube portion to
the fully advanced state, the clearance member will be advanced o a predetermined

) lecation within the cut tube portion,

23, An assembly comprising:
a clearance device that is operabie to move a clearance member of the clearance
device between a refracted stade and fully advanced staie;
15 a medical tube; and
an indicator device that is configured o be aligned with a medical tube such that
alignment with the medical tube will indicate a pair of positions to cut & main body of the
medical tube, wherein cutiing the main body at each position will create a cut fube
portion with & disial end and a proximal end, the cut tube portion being configured such
20 that when the cut twbe portion is coupled with the glearance device-and the clearance
member iz moved within the cut tubg portion to the fully advanced state, the clearance

merber will be advanced to a predetermined location within the cut tube portion,
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