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sheathing, removal, visualization during aortography, deployment, positioning, repositioning,
retrieval, stability, visibility in place, ease to deploy, and ease to sheath.

[00205]  Pre-to-post procedure aortic gradient measurements averaged 86.4% reduction in
all eleven (11) subjects confirming success of TAVR treatments.

[00206] All subjects underv;/ent DW-MRI pre-and-post-procedure, and evaluation of
images were consistent with identification of some ischemic lesions. MRI was performed at
the Baseline and Pre-Discharge (Day 2-5) visits in the eleven (11) subjects that underwent a
Transcatheter Aortic Valve Replacement (TAVR) procedure at each of the two clinical sites.
The MRI protocol consisted of the following sequences: Axial DWI, Axial FLAIR and 3D
T1-weighted IR-GRE. DWI contrast is sensitive to water molecules and helps locate and
quantify fresh lesions. Total lesions were counted, lesion location, size and volume was
assessed, and total lesion volume were analyzed. FIGS. 15A — 15J show the DW-MRI
images of the brains for three (3) representative human subjects (001-05, 001-06 and 002-01).
[00207] A median lesion count of 6 and a median lesion volume of 193.9 mm? were
observed among the eleven (11) subjects. A breakdown of lesions by location is detailed in
Table 1. These results indicate a lower lesion count and volume when compared to both
historical controls and clinical trials involving cleared and investigational embolic protection
devices.

[00208] Table 1: Brain lesions by location for all patients (clinical sites 1 and 2) from the

clinical study.

Vascular Territory Lesion Count
Anterior Choroidal Artery 2

Anterior Cerebral Artery 3

Middle Cerebral Artery 40

Posterior Cerebral Artery 22
Vertebrobasilar Artery 1

Anterior Inferior Cerebellar Artery 0

Posterior Inferior Cerebellar Artery 12

Total Lesion Count (Entire Brain) 80

[00209] Table 2 provides a detailed comparison of lesion count and volume between the
clinical study of this Example 2 and clinical studies for comparable devices. These results
demonstrate that protection using the EPD-1 could reduce the number of ischemic lesions or

their volume, thus supporting the utility of the procedure.
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[00210] Table 2: Comparison of EPD-1 performance to that of cleared and investigational
devices.
Study Device # of Median Median Time
Subjeets | Lesion Lesion Range of
Count Volume Imaging
(mm?)
CLEAN-TAVI | None (control) 45 16 800 2D
EXAMPLE 2 EPD-1 11* 193.9 <48
hours
SENTINEL Claret Medical 91 3 294 2-7D
Sentinel Protected
areas
only
PROTAVI-C Edwards 42 8 305 7D
Lifesciences
Embrella Embolic
Deflector System
(investigational)
DEFLECT-III TriGuard™ HDH | 46 N/A 46% > 150 2-6D

Embolic Deflection
Device
(investigational)

[00211]

The time point at which MRI was taken differs between these studies. Whereas

DW-MRI was performed within 48 hours post-procedure for all patients in Example 2; for

other referenced studies, imaging was performed at a longer time point. Because the

appearance of hyper-intensity during DW-MRI imaging is known to evolve over time, these

other referenced studies would have likely observed a higher lesion volume, had DW-MRI

been taken within 48 hours post-procedure. Nonetheless, the EPD-1 outperformed the

referenced, comparable devices with respect to acute cerebral embolic burden reduction.

Three patients had elevated lesion counts; however, they were considered outliers as the filter

was recaptured and the TAVR device post dilated. During these outlier procedures, the

operators were concerned about interaction of the balloon catheter with the filter frame due to

the small anatomy of the aorta. This typically results in liberation of debris.

[00212]

The EPD-1 captured thrombi in all procedures. Two examples of captured

thrombi are shown in the photographs of FIGS. 16A and 16B. The photograph of FIG. 16A
shows a thrombi captured by the EPD-1 of Example 2. The photograph of FIG. 16B shows

an actual pathologic finding of a 4.6 mm collagenous fragment captured within the EPD-1

filter during a TAVR procedure. Neurological evaluation of all patients using NIHSS at

discharge and 30 days post-procedure showed that scores for all patients remained at baseline

levels, except for one patient developing limb ataxia. No serious adverse events were
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recorded. Debris captured by the embolic filter of the EPD-1 included collagen, fibrin,
thrombi, and calcium.

[00213] A summary of endpoints is shown in Table 3.

[00214] Table 3: Summary of endpoints from the clinical studies of Example 2.

Endpoints Result

Success | Failure

Primary Endpoints

Device performance successful | 100% 0%
deployment and retrieval

Acute cerebral embolic burden | The EPD-1 device showed reduction in acute cerebral
reduction after TAVR embolic burden when compared to both historical controls
and other marketed and investigational devices.

Secondary Endpoints

MACCE, 30-days post- 100% 0%
procedure (No Events)

NIH stroke scale pre-and-post- | 100% (Scores=0) 0%
procedure

Gross histologic evaluation of | 100% 0%
embolic debris captured

OTHER EMBODIMENTS
[00215] It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the scope of the following claims.
[00216] It is to be understood by one having ordinary skill in the art that the specific
devices and processes illustrated in the attached drawings and described in this specification
are simply example embodiments of the inventive concepts defined in the appended claims.
Hence, specific dimensions and other physical characteristics relating to the embodiments
disclosed herein are not to be considered as limiting, unless the claims expressly state
otherwise. It is also to be understood that construction of the described invention and other
components is not limited to any specific material. Other example embodiments of the
invention disclosed herein may be formed from a wide variety of materials, unless described
otherwise herein.
[00217] Changes and modifications in the specifically-described embodiments may be
carried out without departing from the principles of the present invention, which is intended
to be limited only by the scope of the appended claims as interpreted according to the

principles of patent law including the doctrine of equivalents.
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What is claimed is:

1. An embolic protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end to the distal end along a longitudinal axis of the catheter, wherein the lumen is
configured to house a guidewire, and a distal portion of the catheter that assumes a generally
arcuate shape being at least a semi-circle when the guidewire is at least partially
longitudinally retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal
to the distal portion, wherein the embolic filter comprises a frame and the frame defines an
opening of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and

a wire coupled to the frame of the embolic filter, wherein the wire is
longitudinally movable, and when longitudinally retracted, is configured to bend the frame
longitudinally toward the proximal end of the catheter and laterally outward from the
catheter, such that the opening of the embolic filter generally faces the distal end of the

catheter.

2. The embolic protection device of claim 1, wherein the wire is coupled to the frame at

a distal coupling.

3. The embolic protection device of either of claims 1 or 2, wherein the wire, when
longitudinally retracted to a proximal position, is configured to bend the frame so that the
opening of the embolic filter defined by the frame is substantially perpendicular to the

longitudinal axis of the catheter.
4. The embolic protection device of any one of claims 1-3, wherein the wire, when
longitudinally advanced to a distal position, is configured to position the frame so that the

opening of the embolic filter defined by the frame is substantially parallel or angled less than

45 degrees with respect to longitudinal axis of the catheter.

48

-274-



WO 2019/173475 PCT/US2019/020952

5. The embolic protection device of any one of claims 1-4, wherein embolic protection
device has a handle, wherein the handle comprises a mechanism configured to advance or

retract the wire.

6. The embolic protection device of any one of claims 1-5, wherein embolic protection
device has a handle, wherein the handle comprises a mechanism configured to advance or

retract the deployment mechanism.

7. The embolic protection device of any one of claims 1-6, wherein the opening of the

embolic filter defined by the frame is substantially in the shape of an ellipse.

8. The embolic protection device of any one of claims 1-7, wherein the catheter extends

through the opening of the embolic filter.

9. The embolic protection device of any one of claims 1-8, wherein the distal portion of

the catheter comprises a radiopaque marker.

10. The embolic protection device of claim 9, wherein the radiopaque marker comprises

one or more circumferential bands.

11. The embolic protection device of any one of claims 1-10, wherein the frame

comprises a shape memory material.

12. The embolic protection device of any one of claims 1-11, wherein the embolic filter
comprises a filter medium, which comprises a semi-permeable polyurethane material having

a pore size of from about 100 microns to about 150 microns.

13. The embolic protection device of any one of claims 1-12, wherein the embolic
protection device comprises a longitudinal groove along an outer surface of the embolic
protection device.

14. The embolic protection device of any one of claims 1-13, further comprising a self-

expanding deflector coupled to the catheter, proximal to the distal portion, wherein the

deflector has a longitudinal axis parallel to the longitudinal axis of the catheter.
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15.  The embolic protection device of any one of claims 1-14, wherein the deployment
mechanism comprises a sheath that is circumferentially disposed around at least a portion of
the catheter, wherein the sheath deploys the self-expanding embolic filter when the sheath is

at least partially longitudinally retracted.

16. The embolic protection device of any one of claims 1-15, wherein the distal portion of
the catheter comprises one or more apertures that communicates with the lumen of the

catheter.

17. A method of capturing embolic debris during a closed-heart procedure, the method
comprising:

inserting a distal end of a embolic protection device into a body lumen, the embolic
protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end to the distal end along a longitudinal axis of the catheter, wherein the lumen is
configured to house a guidewire, and a distal portion of the catheter that assumes a generally
arcuate shape being at least a semi-circle when the guidewire is at least partially
longitudinally retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal
to the distal portion, wherein the embolic filter comprises a frame, and the frame defines an
opening of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and

a wire coupled to the frame of the embolic filter, wherein the wire is
longitudinally movable, and when longitudinally retracted, bends the frame longitudinally
toward the proximal end of the catheter and laterally outward from the catheter, such that the
opening of the embolic filter generally faces the distal end of the catheter; and

tracking the lumen of the catheter over the guidewire that is percutaneously inserted

into the body lumen.
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18. The method of claim 17, further comprising at least partially longitudinally retracting
the guidewire from the lumen of the catheter so that the distal portion of the catheter assumes

a generally arcuate shape being at least a semi-circle.

19. The method of either of claims 17 or 18, wherein the distal portion of the catheter
comprises a radiopaque marker; the method further comprising positioning the catheter by

visualizing the radiopaque marker using an imaging technique.

20. The method of any one of claims 17-19, further comprising at least partially
longitudinally retracting the deployment mechanism and allowing the self-expanding embolic

filter to assume an expanded, deployed configuration.

21. The method of any one of claims 17-20, further comprising longitudinally retracting
the wire, thereby bending the frame longitudinally toward the proximal end of the catheter
and laterally outward from the catheter, wherein the opening defined by the frame

substantially spans the body lumen.

22. The method of any one of claims 17-20, further comprising longitudinally retracting
the wire to a proximal position, thereby bending the frame so that the opening of the embolic
filter defined by the frame is substantially perpendicular to the longitudinal axis of the

catheter, wherein the opening defined by the frame substantially spans the body lumen.

23. The method of any one of claims 17-22, wherein the embolic filter is movably
coupled to the catheter and is longitudinally moveable with respect to the catheter; the
method further comprising longitudinally moving the embolic filter with respect to the

catheter.

24. The method of any one of claims 17-23, wherein the embolic protection device further
comprises a self-expanding deflector coupled to the catheter, proximal to the distal portion;
the method further comprising deploying the self-expanding deflector to direct embolic

debris toward the embolic filter.

25. The method of any one of claims 17-24, wherein the deployment mechanism is a

sheath that is circumferentially disposed around at least a portion of the catheter.

51

-277-



WO 2019/173475 PCT/US2019/020952

26. The method of any one of claims 17-25, wherein the distal portion of the catheter
comprises one or more apertures that communicate with the lumen of the catheter; the
method further comprising perfusing a fluid into the body lumen through the one or more

apertures.

27. The method of any one of claims 17-26, wherein the embolic protection device
comprises a longitudinal groove along an outer surface of the embolic protection device; the
method further comprising inserting a second catheter device alongside the embolic

protection device by tracking the second catheter device along the groove.

28. The method of claim 27, wherein the second catheter device is advanced past the
embolic filter of the embolic protection device while the embolic filter is in a deployed

configuration.

29. A method of capturing embolic debris during a closed-heart procedure, the method
comprising:

inserting a distal end of a embolic protection device into a body lumen, the embolic
protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end of the catheter to the distal end of the catheter, wherein the lumen is configured
to house a guidewire, and a distal portion of the catheter assumes a generally arcuate shape
being at least a semi-circle when the guidewire is at least partially longitudinally retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal
to the distal portion, wherein the embolic filter comprises a frame, and the frame defines an
opening of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism;

a wire coupled to the frame of the embolic filter, wherein the wire is
longitudinally movable, and when longitudinally retracted, bends the frame longitudinally
toward the proximal end of the catheter and laterally outward from the catheter, such that the

opening of the embolic filter generally faces the distal end of the catheter; and
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tracking the lumen of the catheter over the guidewire that is percutaneously inserted
into the body lumen;

at least partially longitudinally retracting the guidewire from the lumen of the
catheter, so that the distal portion of the catheter assumes a generally arcuate shape being at
least a semi-circle upon retracting the guidewire from the distal portion of the catheter;

longitudinally retracting the deployment mechanism and deploying the self-expanding
embolic filter; and

longitudinally retracting the wire and bending the frame of the embolic filter

longitudinally toward the proximal end of the catheter and laterally outward from the

catheter.

30. A method for capturing embolic debris during a closed-heart procedure comprising:
(i) providing an embolic protection device, wherein the embolic protection device

comprises:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end of the catheter to the distal end of the catheter, wherein the lumen is configured
to house a guidewire, and a distal portion of the catheter that assumes a generally arcuate
shape being at least a semi-circle when the guidewire is at least partially longitudinally
retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal
to the distal portion, wherein the embolic filter comprises a frame and the frame defines an
opening of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the
catheter, wherein the deployment mechanism is longitudinally movable with respect to the
catheter, the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and

a wire coupled to the frame of the embolic filter, wherein the wire is
longitudinally movable, and when longitudinally retracted, is configured to bend the frame
longitudinally toward the proximal end of the catheter and laterally outward from the
catheter, such that the opening of the embolic filter generally faces the distal end of the
catheter; and

(ii) inserting a distal end of the embolic protection device into a body lumen by
tracking the lumen of the catheter over a guidewire that is percutaneously inserted into the

body lumen; and
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(iii)  longitudinally retracting the deployment mechanism and deploying the a self-
expanding embolic filter.

31. An embolic protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end to the distal end along a longitudinal axis of the catheter, wherein the lumen is
configured to house a guidewire, and a distal portion of the catheter that assumes a generally
arcuate shape being at least a semi-circle when the guidewire is at least partially
longitudinally retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal to the
distal portion, wherein the embolic filter comprises a frame and the frame defines an opening
of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the catheter,
wherein the deployment mechanism is longitudinally movable with respect to the catheter,
the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism;

a wire coupled to the frame of the embolic filter, wherein the wire is longitudinally
movable with respect to the catheter;

when the wire is longitudinally advanced, in a distal direction, to a first position, the
wire is configured to bend the frame longitudinally towards the distal end of the catheter and
laterally outward from the catheter, such that the opening of the embolic filter generally faces
the distal end of the catheter and expands to a first diameter; and

when the wire is longitudinally advanced, in a distal direction, to a second position
distally farther than the first position, the wire is configured to extend the frame radially
outward from the catheter, such that the opening of the embolic filter expands to a second

diameter larger than the first diameter.

32. The embolic protection device of claim 31, wherein the wire, when longitudinally
advanced to the first position, is configured to bend the frame so that the opening of the
embolic filter defined by the frame is substantially perpendicular to the longitudinal axis of
the catheter.

33. The embolic protection device of any one of claims 31 or 32, wherein the wire, when

longitudinally retracted to a proximal position, is configured to position the frame so that the
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opening of the embolic filter defined by the frame is substantially parallel or angled less than

45 degrees with respect to the longitudinal axis of the catheter.

34, The embolic protection device of claim 31, wherein the frame includes two sides; and

each side of the frame extending generally in a first lateral direction away from the
catheter and then looping back on an opposite side around the catheter, and extend generally
in the opposite lateral direction before converging and meeting to form the opening of the

embolic filter having a substantially elliptical, ovular or circular shape.

3s. The embolic protection device of claim 31, wherein the frame includes

a fixed portion coupled to the catheter, proximal to the distal portion, wherein the
fixed portion does not move in a longitudinal direction; and

a movable portion continuous with the fixed portion of the frame, wherein the
movable portion is coupled to the wire and is urged by the wire;

when the wire is advanced to the first position, the wire urges the movable portion of
the frame, in a longitudinal direction, towards the distal end of the catheter and bends the
frame to expand the opening of the embolic filter to the first diameter; and

when the wire is advanced to the second position, the wire urges the movable portion
of the frame, in a radial direction, away from the catheter and extends the frame to expand the

opening of the embolic filter to the second diameter.

36. The embolic protection device of claim 35, further comprising an outer catheter
disposed around at least a portion of the catheter and coaxial with the lumen of the catheter,
wherein the outer catheter is longitudinally slidable over the catheter; and

wherein the wire is coupled to a distal portion of the outer catheter such that the wire

is moved by the outer catheter sliding over the catheter.

37. The embolic protection device of claim 36, further comprising an inner catheter
disposed between the outer catheter and the catheter, wherein the inner catheter is
longitudinally slidable over the catheter; and

a guide attached at one end to a distal portion of the inner catheter so that the guide is
moved by the inner catheter sliding over the catheter, wherein the guide slidably receives the

movable portion of the frame causing the guide to flex outwardly away from the catheter.
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38. The embolic protection device of claim 37, wherein the guide is a top guide and the
embolic protection device further comprising a bottom guide attached at one end to the
catheter, wherein the bottom guide and the top guide are arranged on opposite sides of the
catheter, and wherein the bottom guide receives the fixed portion of the frame causing the

bottom guide to flex outwardly away from the catheter.

39.  The embolic protection device of any one of claims 31-35, wherein embolic
protection device has a handle, wherein the handle comprises a mechanism configured to

advance or retract the wire.

40. The embolic protection device of claim 37, further comprising:

a handle coupled to the proximal end of the catheter;

a top pull coupled to a proximal portion of the outer catheter and is longitudinally
movable within the handle;

a bottom pull coupled to a proximal portion of the inner catheter and is longitudinally
movable within the handle, wherein the bottom pull is in temporary engagement with the top
pull;

when the top pull and the bottom pull are engaged, the top pull and the bottom pull
are moved in unison by movement of a slider, which, in turn, urges the guide together with
the movable portion of the frame in the longitudinal direction and expands the opening of the
embolic filter to the first diameter; and

when the top pull and the bottom pull are disengaged, the top pull is moved without
the bottom pull by movement of the slider, which, in turn, urges the movable portion of the
frame in the radial direction and expands the opening of the embolic filter to the second

diameter.

41. The embolic protection device of any one of claims 31-40, wherein the catheter

extends through the opening of the embolic filter.

42,  The embolic protection device of any one of claims 31-41, wherein the distal portion

of the catheter comprises a radiopaque marker.

43, The embolic protection device of claim 42, wherein the radiopaque marker comprises

one or more circumferential bands.
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44, The embolic protection device of any one of claims 31-43, wherein the frame

comprises a shape memory material.

45. The embolic protection device of any one of claims 31-44, wherein the embolic filter
comprises a filter medium, which comprises a semi-permeable polyurethane material having

a pore size of from about 100 microns to about 150 microns.

46. The embolic protection device of any one of claims 21-45, wherein the embolic
protection device comprises a longitudinal groove along an outer surface of the embolic

protection device.

47.  The embolic protection device of any one of claims 31-46, wherein the deployment
mechanism comprises a sheath that is circumferentially disposed around at least a portion of
the catheter, wherein the sheath deploys the self-expanding embolic filter when the sheath is

at least partially longitudinally retracted.

48. The embolic protection device of any one of claims 31-47, wherein the distal portion
of the catheter comprises one or more apertures that communicates with the lumen of the

catheter.

49. A method of capturing embolic debris during a closed-heart procedure, the method
comprising:

inserting a distal end of a embolic protection device into a body lumen, the embolic
protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end to the distal end along a longitudinal axis of the catheter, wherein the lumen is
configured to house a guidewire, and a distal portion of the catheter that assumes a generally
arcuate shape being at least a semi-circle when the guidewire is at least partially
longitudinally retracted;

a self-expanding embolic filter that is disposed around the catheter, proximal to the
distal portion, wherein the embolic filter comprises a frame and the frame defines an opening
of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the catheter,
wherein the deployment mechanism is longitudinally movable with respect to the catheter,

the deployment mechanism is configured to contain the embolic filter in a collapsed
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configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism;

a wire coupled to the frame of the embolic filter, wherein the wire is longitudinally
movable with respect to the catheter;

when the wire is longitudinally advanced, in a distal direction, to a first position, the
wire is configured to bend the frame longitudinally towards the distal end of the catheter and
laterally outward from the catheter, such that the opening of the embolic filter generally faces
the distal end of the catheter and expands to a first diameter; and

when the wire is longitudinally advanced, in the distal direction, to a second position
distally farther than the first position, the wire is configured to extend the frame radially
outward from the catheter, such that the opening of the embolic filter expands to a second
diameter larger than the first diameter; and

tracking the lumen of the catheter over the guidewire that is percutaneously inserted

into the body lumen.

50.  The method of claim 49, further comprising at least partially longitudinally retracting
the guidewire from the lumen of the catheter so that the distal portion of the catheter assumes

a generally arcuate shape being at least a semi-circle.

51. The method of either of claims 49 or 50, wherein the distal portion of the catheter
comprises a radiopaque marker; the method further comprising positioning the catheter by

visualizing the radiopaque marker using an imaging technique.

52,  The method of any one of claims 49-51, further comprising at least partially
longitudinally retracting the deployment mechanism and allowing the self-expanding embolic

filter to assume an expanded, deployed configuration.

53. The method of claim 49-52, further comprising longitudinally advancing the wire to
the first position, thereby bending the frame longitudinally towards the distal end of the
catheter and laterally outward from the catheter, and expanding the opening of the embolic

filter to the first diameter, which substantially spans the body lumen.

54. The method of claim 53, further comprising longitudinally advancing the wire to the

second position distally farther than the first position, thereby extending the frame radially
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outward from the catheter and expanding the opening of the embolic filter to the second

diameter larger than the first diameter, which substantially spans the body lumen.

55. The method of any one of claims 49-52, further comprising longitudinally advancing
the wire to the first position, thereby bending the frame so that the opening of the embolic
filter defined by the frame is substantially perpendicular to the longitudinal axis of the

catheter, wherein the opening defined by the frame, substantially spans the body lumen,

56. The method of any one of claims 49-55, wherein the deployment mechanism is a

sheath that is circumferentially disposed around at least a portion of the catheter.

57. The method of any one of claims 49-56, wherein the distal portion of the catheter
comprises one or more apertures that communicate with the lumen of the catheter; the
method further comprising perfusing a fluid into the body lumen through the one or more

apertures.

58. The method of any one of claims 49-57, wherein the embolic protection device
comprises a longitudinal groove along an outer surface of the embolic protection device; the
method further comprising inserting a second catheter device alongside the embolic

protection device by tracking the second catheter device along the groove.

59. The method of claim 58, wherein the second catheter device is advanced past the
embolic filter of the embolic protection device while the embolic filter is in a deployed

configuration.

60. A method of capturing embolic debris during a closed-heart procedure, the method
comprising:

inserting a distal end of a embolic protection device into a body lumen, the embolic
protection device comprising:

a catheter having a proximal end, a distal end, and a lumen extending from the
proximal end of the catheter to the distal end of the catheter, wherein the lumen is configured
to house a guidewire, and a distal portion of the catheter that assumes a generally arcuate
shape being at least a semi-circle when the guidewire is at least partially longitudinally

retracted;
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a self-expanding embolic filter that is disposed around the catheter, proximal to the
distal portion, wherein the embolic filter comprises a frame and the frame defines an opening
of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the catheter,
wherein the deployment mechanism is longitudinally movable with respect to the catheter,
the deployment mechanism is configured to contain the embolic filter in a collapsed
configuration, and the embolic filter is configured to self-expand upon longitudinal retraction
of the deployment mechanism; and

a wire coupled to the frame of the embolic filter, wherein the wire is longitudinally
movable with respect to the catheter;

tracking the lumen of the catheter over the guidewire that is percutaneously inserted
into the body lumen;

at least partially longitudinally retracting the guidewire from the lumen of the
catheter, so that the distal portion of the catheter assumes a generally arcuate shape being at
least a semi-circle upon retracting the guidewire from the distal portion of the catheter;

longitudinally retracting the deployment mechanism and deploying the self-expanding
embolic filter;

longitudinally advancing the wire, in a distal direction, to a first position, thereby
bending the frame longitudinally towards the distal end of the catheter and laterally outward

from the catheter, and expanding the opening of the embolic filter to a first diameter.

61.  The method of claim 60, further comprising longitudinally advancing the wire, in the
distal direction, to a second position distally farther than the first position, thereby extending
the frame radially outward from the catheter and expanding the opening of the embolic filter

to a second diameter larger than the first diameter.

62. A method for capturing embolic debris during a closed-heart procedure comprising:
(i) providing an embolic protection device, wherein the embolic protection device
comprises:

a catheter having a proximal end, a distal end, and a lumen extending from the proximal
end of the catheter to the distal end of the catheter, wherein the lumen is configured to house a
guidewire, and a distal portion of the catheter that assumes a generally arcuate shape being at

least a semi-circle when the guidewire is at least partially longitudinally retracted;

60
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a self-expanding embolic filter that is disposed around the catheter, proximal to the
distal portion, wherein the embolic filter comprises a frame and the frame defines an opening
of the embolic filter;

a deployment mechanism that is disposed around at least a portion of the catheter,
wherein the deployment mechanism is longitudinally movable with respect to the catheter, the
deployment mechanism is configured to contain the embolic filter in a collapsed configuration,
and the embolic filter is configured to self-expand upon longitudinal retraction of the
deployment mechanism; and

a wire coupled to the frame of the embolic filter, wherein the wire is longitudinally
movable with respect to the catheter; and

(ii) inserting a distal end of the embolic protection device into a body lumen by
tracking the lumen of the catheter over a guidewire that is percutaneously inserted into the
body lumen;

(iii)  longitudinally retracting the deployment mechanism and deploying the a self-
expanding embolic filter; and

(iv)  longitudinally advancing the wire, in a distal direction, to a first position,
thereby bending the frame longitudinally towards the distal end of the catheter and laterally

outward from the catheter, and expanding the opening of the embolic filter to a first diameter.
63. The method of claim 62, further comprising longitudinally advancing the wire, in the
distal direction, to a second position distally farther than the first position, thereby extending

the frame radially outward from the catheter and expanding the opening of the embolic filter

to a second diameter larger than the first diameter.
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DILATOR FOR VASCULAR ACCESS SYSTEMS, AND ASSOCIATED
DEVICES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims benefit of U.S. Patent Application No. 63/338,266, filed
May 4, 2022 and U.S. Patent Application No. 63/397.649, filed August 12, 2022, each of which

is herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present technology generally relates to dilators for vascular access systems,

and associated devices and methods.

BACKGROUND

[0003] Thrombosis is the local coagulation or clotting of the blood in a part of the
circulatory system, and a thrombus is a blood clot formed in situ within the vascular system. A
venous thrombus is a blood clot that forms within a vein. A common type of venous thrombosis
is a deep vein thrombosis (DVT), which is the formation of a blood clot within a deep vein (e.g..
predominantly in the legs). Nonspecific signs of a thrombosis may include pain, swelling,

redness, warmness, and engorged superficial veins.

[0004] If the thrombus breaks off (embolizes) and flows towards the lungs, it can become
a life-threatening pulmonary embolism (PE) (e.g., a blood clot in the lungs). In addition to the
loss of life that can arise from PE, DVT can cause significant health issues such as post
thrombotic syndrome, which can cause chronic swelling, pressure, pain, and ulcers due to valve
and vessel damage. Further, DVT can result in significant health-care costs either directly or

indirectly through the treatment of related complications and inability of patients to work.

[0005] Existing methods for treating DVT and PE often involve treating the DVT or PE
with a catheter system that is advanced through the patient’s vasculature, such as along a venous
access path. Such catheter systems—especially those having a large size (e.g., greater than 16
French)—often include a navigation component, such as a smaller catheter or a dilator, that may
be used to dilate the patient’s vasculature and guide a large catheter to a target treatment site.
For example, the larger catheter may be inserted over the navigation component, using the

navigation component as a “rail” to guide the larger catheter to the target treatment site.

-1-
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[0006] However, during advancement of a catheter through the vasculature, the navigation
component and/or the catheter can experience considerable force or resistance from the patient’s
vasculature. In some instances, this may result in practitioners unintentionally injuring patients
by over-advancing large catheters along navigation components. Furthermore, the force against
the navigation component can cause the navigation component to move or backslide relative to
the catheter. If the navigation component bends or flexes relative to the catheter, it can hinder a
practitioner’s ability to advance the navigation component and catheter together through the
patient’s vasculature. If the navigation component backslides far enough through the catheter,
the edge of the catheter can be exposed and may cause damage to a percutaneous access site or

the vasculature of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Many aspects of the present technology can be better understood with reference to
the following drawings. The components in the drawings are not necessarily to scale. Instead,

emphasis is placed on illustrating clearly the principles of the present disclosure.

[0008] Figure 1 is a partially schematic side view of a vascular access system configured

in accordance with the present technology.

[0009] Figures 2A and 2B are a side view and a side cross-sectional view, respectively, of

a dilator configured in accordance with embodiments of the present technology.

[0010] Figure 2C is an enlarged perspective view of region 2C of the dilator shown in

Figure 2A in accordance with embodiments of the present technology.

[0011] Figures 3A and 3B are side cross-sectional views of the dilator of Figures 2A-2C
positioned within a valve of the vascular access system of Figure 1 in accordance with

embodiments of the present technology.

[0012] Figures 4A and 4B are perspective views of the dilator of Figures 2A-2C
positioned within the vascular access system of Figure 1 in accordance with embodiments of the

present technology.

DETAILED DESCRIPTION

[0013] The present technology is generally directed to navigation components (“dilators™)
for vascular access systems, and associated devices and methods. In some embodiments, a

dilator includes an elongate body having a diameter that is generally constant or uniform along
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the length of the body. The diameter can be sized to correspond with a catheter of a vascular
access system, such that the dilator can be positioned within the catheter with little or no gaps or
spacing between the dilator and the interior of the catheter. In these and other embodiments, the
body of the dilator can include multiple body regions, each having one or more respective
mechanical properties. In at least some embodiments, for example, the dilator includes a first
body region having a first flexibility profile and a second body region having a second flexibility
profile greater than the first flexibility profile, such that the second body region is more flexible
than the first body region. The second body region can be distal from the first body region, such
that the less flexible/stiffer first body region can provide a portion of the dilator against which
force can be applied to advance the dilator through the patient’s vasculature, and the less
stiff/more flexible second body region can provide improved navigation response and/or control

while advancing the dilator through the patient’s vasculature.

[0014] Currently existing dilators may be tapered or sloped to provide flexibility. For
example, the diameter of a tapered dilator can decrease toward the tapered dilator’s distal tip,
with the decreased diameter providing increased flexibility toward the distal tip. However, these
tapered dilators can be difficult to secure relative to vascular access devices such as catheters.
For example, the tapered shape of these dilators can lead to gaps or spacing between the tapered
dilator and the catheter when the tapered dilator is positioned within the catheter, which can
allow the tapered dilators to bend or flex within the catheter during use. This bending or flexing
can reduce control and/or navigational precision during a procedure. In contrast to the current
sloped dilators, the dilators of the present technology can have generally constant or uniform
diameters that improve these dilators” fit within vascular access devices, and/or may reduce or
prevent unwanted flexing or bending of these dilators during a procedure. Additionally, or
alternatively, the respective mechanical properties of the body regions of the dilators can be

selected to improve these dilators’ (lexibility.

[0015] Additionally or alternatively, the dilator can be configured to interface with at least
a portion of the vascular access system. In some embodiments, the dilator includes one or more
notches. Each of the notches can extend at least partially or fully around a longitudinal axis of
the body of the dilator, and can be configured to couple the dilator to the vascular access system
via a valve of the vascular access system. For example, the valve can include one or more
internal components or tethers confligured Lo open and/or close a path through the valve. When
the dilator is positioned within the valve with one of the notches aligned with the tether, the

tether can be inserted at least partially into the notch to thereby create a resistive force or
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interference fit that inhibits or prevents further movement of the dilator relative to the valve
(and/or movement of the valve relative to the dilator). Each of the notches can be spaced along
the length of the dilator such that, when coupled via the valve, each notch can be associated with
a different position of the dilator relative to the vascular access system and/or a different length
of the dilator that extends beyond the vascular access system. Because each notch can inhibit
further movement of the dilator and/or the vascular access system relative to one another, the
positions of the one or more notches can be configured to inhibit or prevent over-insertion of the
dilator, and/or can provide a user with increased control over an amount of the dilator that

extends bevond the vascular access system.

[0016] Certain details are set forth in the following description and in Figures 1-4B to
provide a thorough understanding of various embodiments of the present technology. In other
instances, well-known structures, materials, operations, and/or systems often associated with
intravascular procedures, clot removal procedures, catheters, and the like are not shown or
described in detail in the following disclosure to avoid unnecessarily obscuring the description
of the various embodiments of the technology. Those of ordinary skill in the art will recognize,
however, that the present technology can be practiced without one or more of the details set forth

herein, and/or with other structures, methods, components, and so forth.

[0017] The terminology used below is to be interpreted in its broadest reasonable manner,
even though it is being used in conjunction with a detailed description of certain examples of
embodiments of the technology. Indeed, certain terms may even be emphasized below; however,
any terminology intended to be interpreted in any restricted manner will be overtly and

specifically defined as such in this Detailed Description section.

[0018] The accompanying Figures depict embodiments of the present technology and are
not intended to be limiting of its scope unless expressly indicated. The sizes of various depicted
elements are not necessarily drawn to scale, and these various elements may be enlarged to
improve legibility. Component details may be abstracted in the Figures to exclude details such
as position of components and certain precise connections between such components when such
details are unnecessary for a complete understanding of how to make and use the present
technology. Many of the details, dimensions, angles and other features shown in the Figures are
merely illustrative of particular embodiments of the disclosure.  Accordingly, other
embodiments can have other details, dimensions, angles and features without departing from the

present technology. In addition, those of ordinary skill in the art will appreciate that further
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embodiments of the present technology can be practiced without several of the details described

below.

[0019] With regard to the terms “distal” and “proximal” within this description, unless
otherwise specified, the terms can reference a relative position of the portions of a catheter
subsystem with reference to an operator and/or a location in the vasculature. Also, as used
herein, the designations “rearward,” “forward,” “upward,” “downward,” and the like are not
meant to limit the referenced component to a specific orientation. It will be appreciated that
such designations refer to the orientation of the referenced component as illustrated in the

Figures; the systems of the present technology can be used in any orientation suitable to the user.

[0020] Figure 1 is a partially schematic side view of a vascular access system 100 (“the
system 100”) configured in accordance with embodiments of the present technology. The
system 100 can also be referred to as an aspiration assembly, a clot treatment system, a clot
removal system, a thrombectomy system, an introducer sheath assembly, and/or the like. In the
illustrated embodiment, the system 100 includes a tubing assembly 110 fluidly coupled to a
catheter 120 via a valve 130. In some embodiments, the catheter 120 is an elongate member
configured to be inserted into and through a patient’s vasculature and used to, for example, treat
clot material therein. In other embodiments, the catheter 120 can be an introducer sheath
configured to be inserted through the skin and tissue tract of the patient to provide an access site
through which other components (e.g., other catheters used to treat clot material) can traverse to
easily access the vasculature. Accordingly, while referred to as “catheter 120, the catheter 120
can comprise an introducer sheath, an access sheath, and/or another type of elongate member
configured to be inserted through the skin and tissue tract and/or to traverse the vasculature of a
patient. In general, the system 100 (i) can include features generally similar or identical to those
of the clot treatment systems described in detail in U.S. Patent Application No. 16/536,185 filed
August 8, 2019, and titled “SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED
DEVICES AND METHODS,” which is incorporated herein by reference in its entirety, and/or
(i1) can be used to treat/remove clot material from a patient (e.g., a human patient) using any of

the methods described in detail therein.

[0021] In the illustrated embodiment, the catheter 120 includes a proximal region or
portion 122a and a distal tip region or portion 122b opposite the proximal region 122a. The
proximal region 122a can include a proximal terminus 126a of the catheter 120, and the distal

tip region 122b can include a distal terminus 126b of the catheter 120. The catheter 120 further

-345-



WO 2023/215779 PCT/US2023/066538

defines alumen 124 (shown using dashed-line in Figure 1) extending entirely therethrough from
the proximal region 122a to the distal tip region 122b. The lumen 124 and/or the catheter 120

can at least partially define a longitudinal axis X of the system 100.

[0022] The valve 130 is fluidly coupled to the lumen 124 of the catheter 120 and can be
integral with or coupled to the proximal region 122a of the catheter 120 such that these
components move together. In some embodiments, the valve 130 is a hemostasis valve that is
configured to maintain hemostasis during a clot removal procedure by preventing fluid flow in
a proximal direction P through the valve 130 as various components such as dilators, delivery
sheaths, pull members, guidewires, interventional devices, other aspiration catheters, and so on
are inserted through the valve 130 to be delivered through the catheter 120 to a treatment site in
ablood vessel. The valve 130 can include a branch or side port 102 configured to fluidly couple
the lumen 124 of the catheter 120 to the tubing assembly 110. In some embodiments, the valve
130 can be a valve of the type disclosed in U.S. Patent Application No. 16/117,519, filed
August 30, 2018, and titled “HEMOSTASIS VALVES AND METHODS OF USE;,” which is

incorporated herein by reference in its entirety.

[0023] In the illustrated embodiment, the tubing assembly 110 fluidly couples the catheter
120 to a pressure source 104, such as a syringe. The pressure source 104 can be configured to
generate (e.g., form, create, charge, build-up) a vacuum (e.g., negative relative pressure) and
store the vacuum for subsequent application to the catheter 120. The tubing assembly 110 can
include one or more tubing sections 112 (individually labeled as a first tubing section 112a and
a second tubing section 112b), at least one fluid control device 114 (e.g., a valve), and at least
one connector 116 (e.g., a Toomey tip connector) for fluidly coupling the tubing assembly 110
to the pressure source 104 and/or other suitable components. In some embodiments, the fluid
control device 114 is a stopcock that is fluidly coupled to (i) the side port 102 of the valve 130
via the first tubing section 112a and (ii) the connector 116 via the second tubing section 112b.
The fluid control device 114 is externally operable by a user to regulate the flow of fluid
therethrough and, specifically, from the lumen 124 of the catheter 120 to the pressure source
104. In some embodiments, the connector 116 is a quick-release connector (e.g.. a quick
disconnect fitting) that enables rapid coupling/decoupling of the catheter 120 and the fluid

control device 114 to/from the pressure source 104.

[0024] During a clot treatment procedure, at least a portion of the system 100, such as the

distal terminus 126b and/or distal tip region 122b of the catheter 120, can be inserted through
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the vasculature of a patient. In some embodiments, the system 100 is inserted through an
introducer sheath that traverses the skin and tissue of the patient to provide an access site. When
the catheter 120 is positioned at a desired position relative to clot material (e.g., a pulmonary
embolism, deep vein thrombosis) within the patient, a user can first close the fluid control device
114 before generating a vacuum in the pressure source 104 by, for example, withdrawing the
plunger of a syringe coupled to the connector 116. In this manner, a vacuum is charged within
the pressure source 104 (e.g., a negative pressure is maintained) before the pressure source 104
is fluidly connected to the lumen 124 of the catheter 120. To aspirate the lumen 124 of the
catheter 120, the user can open the fluid control device 114 to fluidly connect the pressure source
104 to the catheter 120 and thereby apply or release the vacuum stored in the pressure source
104 to the lumen 124 of the catheter 120. Opening the fluid control device 114 instantaneously
or nearly instantaneously applies the stored vacuum pressure to the tubing assembly 110 and the
catheter 120, thereby generating a suction pulse throughout the catheter 120 that can aspirate the
clot material into the catheter 120. In particular, the suction is applied at the distal tip region
122b of the catheter 120 to suck/aspirate at least a portion of the clot material proximate the
distal tip region 122b into the lumen 124 of the catheter 120. Additionally, or alternatively, the
catheter 120 can act as an introducer sheath and can be inserted through the skin and tissue of a
patient and partially into a vessel to provide an access point through which other medical

instruments can be delivered and/or otherwise used to treat the patient.

[0025] Figures 2A and 2B are a side view and a side cross-sectional view, respectively, of
anavigation component or dilator 240 configured in accordance with embodiments of the present
technology. The dilator 240 is configured to be inserted into and advanced together with the
catheter 120 of Figure 1. The dilator 240 includes a generally elongate body 242 having a
proximal region or portion 242a, a distal tip region or portion 242b opposite the proximal region
242a, and one or more body segments or regions 244 (individually identified as a [(irst body
region 244a and a second body region 244b) extending at least partially between the proximal
region 242a and the distal tip region 242b. The dilator 240 can further include a tip 246 (e.g,
an atraumatic tip) in or near the distal tip region 242b, a coupling component 248 in or near the
proximal region 242a, and one or more notches 250 (e.g., insertion positioning features). The
coupling component 248 can include a twist-lock connector, a luer connector, and/or another
suitable coupling component, and can be configured to couple or lock the dilator 240 to a valve
of a vascular access system, such as the valve 130 of the system 100 of Figure 1. In the illustrated

embodiment, the tip 246 is distal from the second body region 244b and the coupling component

-
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248 is proximal from the first body region 244a. In other embodiments, the second body region
244b can include all or part of the tip 246, and/or the first body region 244a can include and/or
be positioned within all or part of the coupling component 248. The notch 250 is described in

further detail below with reference to Figure 2C.

[0026] In some embodiments, the body 242, the tip 246, and/or the coupling component
248 can be hollow, as shown in Figure 2B, such that a guide wire (not shown) can be positioned
within the dilator 240 and used to aid the navigation thereof. In such embodiments, each of the
body regions 244 can have a respective thickness T, individually labeled in Figure 2B as a first
thickness Ta and a second thickness Tv. The first and second thicknesses Tab can be the same or
different, and/or each thickness Tab may be constant or variable along all or part of the length of

the respective body region 244a-b.

[0027] The first body region 244a, the second body region 244b, the tip 246, and/or the
coupling component 248 can each be formed from one or more polymers, and/or other suitable
materials. For example, the first and second body regions 244a-b can be formed from the same

or different materials.

[0028] Each of the body regions 244a-b can have a respective outer dimension or diameter
D, individually labeled as a first diameter Da and a second diameter Db. In some embodiments,
the diameters Da+ of the body regions 244a-b can be different from each other and/or vary along
their respective lengths, such that the first and second body regions 244a-b, and/or one or more
portions thereof, can have different diameters. In the illustrated embodiment, the first and second
diameters Da+b are generally similar or identical such that the body 242 of the dilator 240 has a
substantially uniform diameter. In these and other embodiments, one or more of the diameters
Dab can correspond to and/or be less than an inner dimension of a catheter, such as an inner
diameter of the lumen 124 of the catheter 120 (Figure 1). Accordingly, the dilator 240 can be
positioned within the catheter 120 (e.g.. via the valve 130) with at least a portion of the tip 246
extending distally beyond the distal terminus 126b of the catheter 120 (Figure 1).

[0029] Each of the body regions 244 can have one or more respective mechanical
properties, such as a hardness, stiffness, durometer, flexibility, rigidity, Young’s modulus,
density, and/or the like. The mechanical properties (e.g., varving durometer) can give the body
regions 244 different flexibility profiles. In some embodiments, individual ones of the body
regions 244 can include one or more coils, braids, and/or other structures configured to increase

or decrease the flexibility profile, e.g., relative to one or more other body regions 244. In at least
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some embodiments, the first body region 244a has a first flexibility profile and the second body
region 244b has a second flexibility profile greater than the first flexibility profile such that the
second body region 244b is less stiff/more flexible than the first body region 244a. For example,
in the illustrated embodiment the first body region 244a has a first durometer and the second
body region 244b has a second durometer less (e.g., less stiff/more flexible) than the first
durometer. In some aspects of the present technology, the less-stiff second body region 244b
can improve the navigability of the dilator 240 while traveling through vasculature, while the
more-stiff first body region 244a can improve control of and/or force transfer to (e.g., the
“pushability” and/or column strength of) the dilator 240 while navigating through the
vasculature. Although the dilator 240 shown in Figures 2A and 2B includes two body regions
244a-b, in other embodiments the dilator 240 can include more body regions 244, and each of
the body regions 244 can have one or more respective mechanical properties greater than, equal
to, or less than one or more of the other body regions 244. Accordingly, in some embodiments
the dilator 240 includes two or more body regions 244 having the same diameter but different

stiffnesses, durometers, flexibilities, etc.

[0030] Figure 2C is an enlarged perspective view of region 2C of Figure 2A in accordance
with embodiments of the present technology. In the illustrated embodiment, the notch 250
defines/comprises a recessed area extending at least partially or fully around the body 242 of the
dilator 240, such as circumferentially around alongitudinal axis Y of the body 242. Accordingly,
the notch 250 can define a third diameter D¢ of the dilator 240 that can be less than the first
diameter Da and/or the second diameter Dp. In the illustrated embodiment, the notch 250 is
positioned between the first body region 244a and the second body region 244b. In other
embodiments, the notch 250 can be positioned at least partially within one or both of the body
regions 244a-b. In these and other embodiments, the dilator 240 can include a plurality of
notches 250, individual ones of which can be positioned at least partially between the [irst and
second body regions 244a-b, at least partially within the first body region 244a, at least partially
within the second body region 244b, or at another suitable position along the dilator 240.

[0031] Figures 3A and 3B are side cross-sectional views of the dilator 240 positioned
within the valve 130 in accordance with embodiments of the present technology. More
specifically, in Figure 3A the dilator 240 is at a first position within the valve 130, and in Figure
3B the dilator 240 has been moved (e.g., distally) to a second position within the valve 130, as
shown by arrow A. In Figures 3A and 3B, the dilator 240 includes the notch 250 (“first notch
2507) and an additional second notch 350 positioned proximally from the first notch 250. The
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second notch 350 can be at least generally similar or identical in structure and/or function to the

first notch 250.

[0032] Relerring to Figures 3A and 3B together, the valve 130 includes a first or distal
aperture 332a, a second or proximal aperture 332b, and a central lumen 334 extending
therebetween. The distal aperture 332a can be fluidly coupled to a catheter, such as the catheter
120 of Figure 1. The valve 130 further includes a filament or tether 336 operably coupled to one
or more actuators or buttons 338 (individually identified as a first button 338a and a second
button 338b in Figures 3A and 3B). The tether 336 can be configured to open and/or close the
central lumen 334 of the valve 130, e.g., to form a substantially fluid-impermeable seal that
inhibits or prevents fluid communication between the distal and proximal apertures 332a-b. In
the illustrated embodiment, for example, the buttons 338 are biased outwardly by springs 339
(individually identified as a first spring 339a and a second spring 339b in Figures 3A and 3B) to
afirst position shown in Figure 3A. When the buttons 338a-b are in the first position, the buttons
338a-b draw the tether 336 taught to constrict and seals the central lumen 334. A user can
depress the buttons 338 to a second position shown in Figure 3B against the biasing force of the
springs 339 to relax the tether 336 and thereby unconstrict and unseal the central lumen 334. In
general, the valve 130 (i) can include at least some features that are generally similar or identical
to those of the hemostasis valves described in detail in U.S. Patent No. 11,000,682, filed
August 30, 2018, and titled “HEMOSTASIS VALVES AND METHODS OF USE,” which is
incorporated herein by reference in its entirety, and/or (ii) can be used to treat/remove clot
material from a patient (e.g., a human patient) using any of the methods described in detail

therein.

[0033] In some embodiments, the tether 336 is configured to releasably couple the dilator
240 to the valve 130 by interfacing with one of the notches 250, 350. For example, in the
illustrated embodiment the tether 336 constricts around the central lumen 334 when the buttons
338a-b are in the first position, as shown in Figure 3A. Accordingly, when the dilator 240 is
inserted through the proximal aperture 332b, the first notch 250 can be positioned in alignment
with the tether 336 to thereby allow at least part of the tether 336 to be driven toward and/or into
the first notch 250 and create a resistive force/interference fit that couples the dilator 240 to the
valve 130. The resistive force/interference fit inhibits or prevents further movement (e.g.,

proximal and/or distal movement) of the dilator 240 relative to the valve 130.
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[0034] The dilator 240 can be uncoupled from the valve 130 by actuating/pressing one or
more of the buttons 338, as shown in Figure 3B, to move the tether 336 radially outward away
from the longitudinal axis of the central lumen 334 and radially outwardly from/out of the first
notch 250. Pressing/actuating one or more of the buttons 338 can thereby allow further
movement (e.g., proximal and/or distal movement) of the dilator 240 relative to the valve 130.
In some embodiments, the resistive force/interference fit can be overcome by applying increased
force to the dilator 240 and/or the valve 130, e.g., to displace the tether 336 from the first notch
250 and allow further movement of the dilator 240 and/or the valve 130 relative to each other
without pressing/actuating one or more of the buttons 338. In Figure 3B, the dilator 240 has
been moved further distally through the valve 130 from a proximal position (Figure 3A) to a
more distal position. In some embodiments, the dilator 240 can be advanced further distally
until the second notch 350 is positioned in alignment with the tether 336. When the second notch
350 is aligned with the tether 336, the tether 336 can be driven radially into the second notch
350, as described previously with reference to the first notch 250, and thereby again couple the
dilator 240 to the valve 130.

[0035] Referring to Figures 1-3B together, the dilator 240 can be inserted distally through
the valve 130 (e.g., via the proximal aperture 332b) and extend fully through the lumen 124 past
the distal terminus 126b of the catheter 120, such that the tip 246 of the dilator 240 is positioned
beyond the distal terminus 126b of the catheter 120. The notch 250 can be configured to control
the position of the dilator 240 relative to the catheter 120, e.g., during insertion. For example,
when the dilator 240 is inserted (e.g., distally) through the valve 130 into the catheter 120, the
notch 250 can interface with (e.g., releasably couple to) the tether 336 to thereby create aresistive
force or interference fit that at least inhibits or prevents further movement (e.g., proximal and/or
distal movement) of the dilator 240 relative to the catheter 120. A magnitude of the resistive
force/inter(erence (it between the notch 250 and the valve 130 (e.g., the tether 336) can
correspond to the difference in size between the third diameter Dc and another diameter of a
body region of the dilator 240, such as the first diameter Da of the first body region 244a and/or
the second diameter Dy of the second body region 244b.

[0036] Generally, a difference in size between the third diameter D¢ and a diameter of a
body region positioned proximal and adjacent to the notch 250 (e.g., the first diameter Da of the
first body region 244a) can be associated with a resistive force/interference fit that inhibits or
prevents further distal movement of the dilator 240 through the system 100 (e.g., through the
catheter 120) and/or further proximal movement of the system 100 over the dilator 240.

_11-
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Additionally, a difference in size between the third diameter D¢ and a diameter of a body region
positioned distal and adjacent to the notch 250 (e.g., the second diameter Dv of the second body
region 244b) can be associated with a resistive force/interference fit that at inhibits or prevents
further proximal movement of the dilator 240 through the system 100 and/or further distal
movement of the system 100 over the dilator 240. For example, if the difference between third
diameter D¢ and the first diameter Da is between about 0.1mm and about 0.5mm, the resistive
force/interference fit can be relatively slight and partially prevent further (distal) movement of
the dilator 240 and/or further (proximal) movement of the system 100. In such embodiments,
the resistive force/interference fit may provide a tactile indication or sensation (e.g., a “clicking”
sound or sensation perceptible to a user) associated with the relative positions of the dilator 240
and the system 100, and any resistance/interference to further movement may be overcome by
applying increased force to the dilator 240 and/or the system 100 to decouple the notch 250 and
the valve 130 (e.g., the tether 336). As another example, if the difference between the third
diameter D¢ and the first diameter Da is greater than 0.5mm, the resistive force/interference fit
can be relatively substantial and fully prevent further (distal) movement of the dilator 240 and/or
further (proximal) movement of the system 100. In such embodiments, the resistive
force/interference fit may be overcome by actuating one or more of the buttons 338 of the valve
130 to release the dilator 240. Dilators with greater diameters can include notches having a
greater depth (e.g., corresponding to a greater difference between the third diameter Dc and the
first and/or second diameters Da, Do) than dilators with a comparatively lesser depth, and greater
notch depths are expected to provide increased resistive forces/interference fits than lesser notch

depths.

[0037] In some embodiments, the magnitude of the resistive force/interference fit is based
at least partially on a spring force applied by the valve 130 (e.g., via the springs 339a-b) to the
dilator 240. For example, springs with a relatively high spring constant are expected to provide

a greater resistive force than springs with a comparatively lower spring constant.

[0038] With the dilator 240 positioned within the catheter 120, the dilator 240 and the
catheter 120 can together be inserted into a patient (e.g.. a human patient) during a clot treatment
procedure. For example, the dilator 240 and the catheter 120 can be inserted into and advanced
together through a blood vessel of the patient to a target location in the blood vessel. In some
embodiments, alter the dilator 240 has been inserted through the catheter 120, because the dilator
240 and the catheter 120 can move relative to one another, the catheter 120 can be advanced

(e.g., distally, telescopically, etc.) over the dilator 240, e.g., using the dilator 240 as a guide or
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“rail” to position the catheter 120 at or near the target location. With the catheter 120 positioned
at or near the target location, the dilator 240 can then be retracted (e.g., proximally) through the
catheter 120 to allow for other intravascular medical devices to be introduced into the patient via

the catheter 120 and/or for aspiration of the catheter 120.

[0039] In some aspects of the present technology, the uniform diameter and varying
stiffness of the dilator 240 is expected to improve the control and advancement characteristics
of the dilator 240 and the catheter 120. For example, the uniform diameter of the dilator 240 is
expected to better match the inner dimension of the lumen 124 of the catheter 120 which, in turn,
can reduce or eliminate gaps or spacing between the dilator 240 and the catheter 120.
Reducing/eliminating these gaps can at least partially inhibit or prevent the dilator 240 from
flexing or buckling within the catheter 120 when navigating through a patient’s vasculature,
which can improve control of the dilator’s movement during a procedure. Additionally, or
alternatively, the uniform diameter of the dilator 240 is expected to improve the durability (e.g.,
crush resistance) of the catheter 120 when the dilator 240 is positioned within the catheter 120.
For example, reducing/eliminating the gaps can also reduce the size of, or eliminate entirely, one
or more crush zones associated with the gaps or spacing between the dilator 240 and the catheter
120 and in which the catheter 120 can be crushed or buckled during use. Furthermore, the
variable mechanical properties of the dilator’s body regions 244a-b can improve the dilator’s
flexibility and/or response to forces exerted on the dilator 240 (e.g., by a practitioner and/or from
the catheter 120) during a procedure. In these and other embodiments, the notch 250 is expected
to further improve the control and advancement characteristics of the dilator 240 and/or the
svstem 100. For example, the magnitude of the resistive force/interference fit between the notch
250 and the valve 130 (e.g., the tether 336) can be configured to inhibit or prevent over-insertion
of the dilator 240, which may damage a patient’s vasculature. Additionally, or alternatively, the
tactile [eedback or sensation provided by the interference [it between the notch 250 and the valve
130 can provide (e.g.. to a user) an indication of the relative position of the dilator 240 within

the system 100.

[0040] Figures 4A and 4B are perspective views of the dilator 240 positioned within the
svstem 100, in accordance with embodiments of the present technology. More specifically,
Figure 4 A shows the dilator 240 in a first position or state 401a, and Figure 4B shows the dilator
240 in a second position or state 401b. In Figures 4A and 4B, the coupling component 248 of
the dilator 240 includes one or more luer-coupling features 452 (individually identified as a first

luer-coupling feature 452a and a second luer-coupling feature 452b in Figures 4A and 4B) and/or
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one or more stopping features 454 (individually identified as a first stopping feature 454a and a
second stopping feature 454b). Individual ones of the stopping features 454 can be spaced apart

and/or positioned proximally from one or more of the luer-coupling features 452.

[0041] Referring to Figure 4A, the dilator 240 can be inserted through the system 100 until
the dilator 240 is coupled to the valve 130 via the notch 250 (Figures 2A-3B), as described
previously herein with reference to Figures 3A and 3B. With the dilator 240 and the system 100
in the first state 401a, a first length L1 of the dilator 240 can extend distally beyond the distal
terminus 126b of the catheter 120. In the illustrated embodiment, the first length L1 includes
the tip 246 and a portion of the body 242. Additionally, or alternatively, the first length L1 can
extend from about 1 cm to about 5 cm beyvond the distal terminus 126b. In the first state 401a,
the dilator 240 and the catheter 120 can be in a “standard™ or “vascular access™ mode or
configuration in which the catheter 120 and the dilator 240 can be inserted into and/or used to
navigate through a patient’s vasculature, e.g.. to a target location, as described previously herein.
The dilator 240 may then be removed from the catheter 120 so that the system 100 can be used

to treat and/or remove clot material from within the patient.

[0042] Referring to Figure 4B, the dilator 240 can be advanced from the first state 401a to
the second state 401b by advancing the dilator 240 distally through the system 100 and/or
retracting the system 100 proximally over the dilator 240. In the second state 401b, a second
length L2 of the dilator 240 can extend distally beyond the distal terminus 126b. The second
length L2 can be greater than the first length L1. In at least some embodiments, for example,
the second length L2 is between about Scm and about 20cm, such as at least 15cm, or another
suitable length therebetween. In the second state 401b, the dilator 240 and the catheter 120 can
be in a “rail” or “telescoping delivery” mode or configuration in which the catheter 120 can be
advanced into and/or through the patient’s vasculature while sliding along and/or otherwise
moving over (e.g., telescopically over) the dilator 240. In at least some embodiments,
telescopically inserting the catheter 120 over the dilator 240 can include moving from the second
state 401b to and/or toward the first state 401a (Figure 4A). In these and other embodiments,
once the dilator 240 and/or the catheter 120 are position at or near a target location, the dilator
240 may then be removed from the catheter 120 the so that the system 100 can be used to treat

and/or remove clot material from within the patient.

[0043] In some embodiments, one or more of the luer-coupling features 452 (Figure 4A)

can be coupled to the valve 130 in the second state 401b, for example, to at least partially or
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fully prevent further movement (e.g., unintended movement) of the catheter 120 and/or the
dilator 240 relative to each other. Additionally, or alternatively, one or more of the stopping
features 454 can contact or abut the valve 130 in the second state 401b, to thereby inhibit or
prevent (i) further distal movement of the dilator 240 relative to the system 100 and/or (i1) further

proximal movement of the system 100 relative to the dilator 240.

[0044] As described in detail above, the dilator 240 can include more than one notch (e.g.,
including the second notch 350 shown in Figures 3A and 3B). Each of the notches can be spaced
along the length of the dilator 240 such that, when coupled via the valve 130, each notch can be
associated with a different position of the dilator 240 relative to the system 100 and/or a different
length of the dilator 240 (e.g., between the first and second lengths L1, L.2) that extends beyond
the distal terminus 126b. For example, referring to Figures 3A—4B together, the second notch
350 is positioned proximal of the first notch 250 such that the dilator extends farther past the
distal terminus 126b of the catheter 120 when the valve 130 is coupled to (e.g., locked to) the
dilator 240 at the second notch 350.

[0045] Because each notch can inhibit further movement of the dilator 240 and/or the
svstem 100 relative to each other, the positions of one or more of the notches can be configured
to inhibit or prevent over-insertion of the dilator 240, and/or can provide a user with increased
control over the amount of the dilator 240 that extends bevond the distal terminus 126b.
Additionally, when the dilator 240 includes multiple notches, the dilator 240 can be configured
to be transitioned between more than the two states 401a-b shown in the illustrated embodiment.
For example, the dilator 240 can be configured to be transitioned between at least three, four,

five, or more different states.

Examples

[0046] Several aspects of the present technology are set forth in the following examples:
1. A dilator, comprising:
atip;

a coupling component;

a first body region between the tip and the coupling component, wherein the first body
region has a first flexibility profile; and

a second body region between the first body region and the tip, wherein the second body

region has a second flexibility profile greater than the first flexibility profile,
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wherein the first body region and the second body region have a same diameter.

2. The dilator of example 1 wherein the first body region has a first stiffness,
wherein the second body region has a second stiffness, and wherein the first stiffness is greater

than the second stiffness.

3. The dilator of example 1 or example 2 wherein the first body region has a first
durometer, wherein the second body region has a second durometer, and wherein the second

durometer is less than the first durometer.

4. The dilator of any of examples 1-3 wherein the first body region comprises a first
material, and wherein the second body region comprises a second material different than the first

material.

5. The dilator of any of examples 1-4, further comprising a third body region
between the tip and the coupling component, wherein the third body region has a third flexibility
profile different than the first flexibility profile or the second flexibility profile.

6. The dilator of any of examples 1-5, further comprising a notch positioned

between the tip and the coupling component.

7. The dilator of example 6 wherein the notch is positioned between the first body

region and the second body region.

8. The dilator of example 6 or example 7 wherein the notch is a first notch, the
dilator further comprising a second notch positioned on a proximal or a distal side of the first

notch.

9. A vascular access system, comprising:

avalve having a proximal end and a distal end;

a catheter defining a lumen and coupled to the valve; and

a dilator configured to be positioned within the lumen through the valve, wherein the

dilator includes—
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a first body region having a first flexibility profile; and
a second body region having a second flexibility profile less than the first
flexibility profile,

wherein the first body region and the second body region have a same diameter.

10. The vascular access system of example 8 wherein the first body region has a first
stiffness, wherein the second body region has a second stiffness, and wherein the first stiffness

is greater than the second stiffness.

11. The dilator of example 9 or example 10 wherein the first body region has a first
durometer, wherein the second body region has a second durometer, and wherein the second

durometer is less than the first durometer.

12. The vascular access system of any of examples 9-11 wherein the first body region
comprises a first material, and wherein the second body region comprises a second material

different than the first material.

13. The vascular access system of any of examples 9-12, wherein the dilator further
includes a notch configured to extend at least partially around a longitudinal axis of the dilator,

wherein the valve is configured to be releasably coupled to the dilator via the notch.

14. The vascular access system of example 13 wherein the notch defines a recessed
region of the dilator having a notch diameter less than the diameter of the first body region and

the second body region.

15. The vascular access system of example 13 or example 14 wherein the valve
includes a tether, and wherein the tether 1s configured to be positioned at least partially within

the notch to releasably couple the dilator to the valve.

16. The vascular access system of example 15 wherein the tether is biased in a first
direction to releasably couple the dilator to the valve, the valve further comprising a button
operably coupled to the tether and configured to move the tether in a second direction, opposite

the first direction, to cause the tether to uncouple the dilator from the valve.
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17. The vascular access system of any of examples 13—16 wherein the notch is a first
notch, and wherein the dilator further includes a second notch positioned on a proximal side or

a distal side of the notch.

18. The vascular access system of example 17 wherein the catheter includes a distal
terminus, wherein a first length of the dilator extends beyond the distal terminus when the first
notch is coupled to the valve, and wherein a second length of the dilator extends beyond the

distal terminus when the second notch is coupled to the valve.

19. The vascular access system of example 18 wherein the second length is greater
than the first length.
20. A method of treating clot material within a patient, the method comprising:

positioning a dilator within a vascular access system such that a valve of the vascular
access system releasably engages a notch of the dilator to inhibit further
movement of the dilator relative to the vascular access system;

actuating a button of the valve to release the notch from the valve to allow further
movement of the dilator relative to the vascular access system; and

moving the dilator relative to the vascular access system and/or the vascular access

system relative to the dilator.

21. The method of example 20 wherein moving the dilator relative to the vascular
access system includes advancing the dilator through the vascular access system to increase a

length of the dilator that extends beyond a distal terminus of the vascular access system.

22. The method ol example 20 wherein moving the vascular access system relative
to the dilator includes advancing the vascular access system over the dilator to decrease a length

of the dilator that extends beyond a distal terminus of the vascular access system.

23. The method of any of examples 20-22 wherein the notch is a [irst notch, the
method further comprising:
positioning the dilator within the vascular access system such that the valve releasably

engages a second notch of the dilator; and
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applying a force to the dilator and/or the vascular access system to release the second

notch from the valve.

24, The method of example 23 wherein applying the force to release the second notch
from the valve includes applying the force to release the second notch from the valve without

actuating the button.

25. A vascular access system, comprising:

a dilator extending along a longitudinal axis, wherein the dilator has a varying flexibility
profile at least partially along the longitudinal axis, and wherein the dilator
defines a notch extending at least partially circumferentially about the
longitudinal axis;

avalve having a proximal end and a distal end; and

a catheter coupled to the valve and defining a lumen;

wherein the valve is configured to be releasably coupled to the dilator via the notch to
inhibit movement of the dilator relative to the catheter when at least a portion of

the dilator is inserted through the valve into the lumen of the catheter.

26. The vascular access system of example 25 wherein the dilator includes a body
region having a diameter, and wherein the notch includes a recessed region of the dilator having

anotch diameter less than the diameter of the body region.

27. The vascular access system of example 25 or example 26 wherein the valve
includes a tether, and wherein the tether is configured to be positioned at least partially within

the notch to releasably couple the dilator to the valve.

28. The vascular access system of example 27 wherein the tether is biased in a first
direction to releasably couple the dilator to the valve, the valve further comprising a button
operably coupled to the tether and configured to move the tether in a second direction, opposite
the first direction, to move the tether at least partially out of the notch to uncouple the dilator

from the valve.
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29. The vascular access system of any of examples 25-28 wherein the notch is a first
notch, wherein the portion of the dilator is a first portion, wherein the dilator further defines a
second notch extending at least partially circumferentially about the longitudinal axis, and
wherein the valve is configured to be releasably coupled to the dilator via the second notch to
inhibit movement of the dilator relative to the catheter when at least a second portion of the

dilator is inserted through the valve into the lumen of the catheter.

30. The vascular access system of example 29 wherein the catheter includes a distal
terminus, wherein a first length of the dilator extends beyond the distal terminus when the first
notch is coupled to the valve, and wherein a second length of the dilator extends beyond the

distal terminus when the second notch is coupled to the valve.

31. The vascular access system of example 30 wherein the second length is greater

than the [irst length.

32. The vascular access system of any of examples 25-31 wherein the dilator includes
a proximal body region having a first flexibility profile and a distal body region having a second
flexibility profile greater than the first flexibility profile, wherein the notch is positioned at least
partially between the proximal body region and the distal body region.

33. The vascular access system of claim 25 wherein the dilator has a varying

durometer at least partially along the longitudinal axis.

[0047] The above detailed descriptions of embodiments of the technology are not intended
to be exhaustive or to limit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustrative purposes,
various equivalent modifications are possible within the scope of the technology as those skilled
in the relevant art will recognize. For example, although steps are presented in a given order,
alternative embodiments may perform steps in a different order. The various embodiments

described herein may also be combined to provide further embodiments.

[0048] From the foregoing, it will be appreciated that specific embodiments of the

technology have been described herein for purposes of illustration, but well-known structures
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and functions have not been shown or described in detail to avoid unnecessarily obscuring the
description of the embodiments of the technology. Where the context permits, singular or plural

terms may also include the plural or singular term, respectively.

[0049] Moreover, unless the word “or” is expressly limited to mean only a single item
exclusive from the other items in reference to a list of two or more items, then the use of “or” in
such a list is to be interpreted as including (a) any single item in the list, (b) all of the items in
the list, or (¢) any combination of the items in the list. Additionally, the term “comprising™ is
used throughout to mean including at least the recited feature(s) such that any greater number of
the same feature and/or additional types of other features are not precluded. It will also be
appreciated that specific embodiments have been described herein for purposes of illustration,
but that various modifications may be made without deviating from the technology. Further,
while advantages associated with some embodiments of the technology have been described in
the context of those embodiments, other embodiments may also exhibit such advantages, and
not all embodiments need necessarily exhibit such advantages to fall within the scope of the
technology. Accordingly, the disclosure and associated technology can encompass other

embodiments not expressly shown or described herein.
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CLAIMS

I/We claim:

L. A dilator, comprising:

atip;

a coupling component;

a first body region between the tip and the coupling component, wherein the first body
region has a first flexibility profile; and

a second body region between the first body region and the tip, wherein the second body
region has a second flexibility profile greater than the first flexibility profile,

wherein the first body region and the second body region have a same diameter.

2. The dilator of claim 1 wherein the first body region has a first stiffness, wherein
the second body region has a second stiffness, and wherein the first stiffness is greater than the

second stiffness.

3. The dilator of claim 1 wherein the first body region has a first durometer, wherein
the second body region has a second durometer, and wherein the second durometer is less than

the first durometer.

4. The dilator of claim 1 wherein the first body region comprises a first material,

and wherein the second body region comprises a second material different than the first material.

5. The dilator of claim 1, further comprising a third body region between the tip and
the coupling component, wherein the third body region has a third flexibility profile different
than the first flexibility profile or the second flexibility profile.

6. The dilator of claim 1, further comprising a notch positioned between the tip and

the coupling component.

7. The dilator of claim 6 wherein the notch is positioned between the first body

region and the second body region.
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8. The dilator of claim 6 wherein the notch is a first notch, the dilator further

comprising a second notch positioned on a proximal or a distal side of the first notch.

9. A vascular access system, comprising:

avalve having a proximal end and a distal end;

a catheter defining a lumen and coupled to the valve; and

a dilator configured to be positioned within the lumen through the valve, wherein the
dilator includes—
a first body region having a first flexibility profile; and
a second body region having a second [lexibility profile less than the first

flexibility profile,

wherein the first body region and the second body region have a same diameter.

10. The vascular access system of claim 9 wherein the firsi body region has a [irst
stiffness, wherein the second body region has a second stiffness, and wherein the first stiffness

is greater than the second stiffness.

11. The vascular access system of claim 9 wherein the first body region has a first
durometer, wherein the second body region has a second durometer, and wherein the second

durometer is less than the first durometer.

12. The vascular access system of claim 9 wherein the first body region comprises a
first material, and wherein the second body region comprises a second material different than

the first material.

13. The vascular access system ol claim 9, wherein the dilator (urther includes a
notch configured to extend at least partially around a longitudinal axis of the dilator, wherein the
valve is configured to be releasably coupled to the dilator via the notch.

14. The vascular access system ol claim 13 wherein the notch deflines a recessed

region of the dilator having a notch diameter less than the diameter of the first body region and

the second body region.
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15. The vascular access system of claim 13 wherein the valve includes a tether, and
wherein the tether is configured to be positioned at least partially within the notch to releasably

couple the dilator to the valve.

16. The vascular access system of claim 15 wherein the tether is biased in a first
direction to releasably couple the dilator to the valve, the valve further comprising a button
operably coupled to the tether and configured to move the tether in a second direction, opposite

the first direction, to cause the tether to uncouple the dilator from the valve.

17. The vascular access system of claim 13 wherein the notch is a first notch, and
wherein the dilator further includes a second notch positioned on a proximal side or a distal side

of the notch.

18. The vascular access system of claim 17 wherein the catheter includes a distal
terminus, wherein a first length of the dilator extends beyond the distal terminus when the first
notch is coupled to the valve, and wherein a second length of the dilator extends beyond the

distal terminus when the second notch is coupled to the valve.

19. The vascular access system of claim 18 wherein the second length is greater than
the first length.
20. A method of treating clot material within a patient, the method comprising:

positioning a dilator within a vascular access system such that a valve of the vascular
access system releasably engages a notch of the dilator to inhibit further
movement of the dilator relative to the vascular access system;

actuating a button of the valve to release the notch [rom the valve to allow [urther
movement of the dilator relative to the vascular access system; and

moving the dilator relative to the vascular access system and/or the vascular access

system relative to the dilator.

21. The method of claim 20 wherein moving the dilator relative to the vascular access
system includes advancing the dilator through the vascular access system to increase a length of

the dilator that extends beyond a distal terminus of the vascular access system.
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22. The method of claim 20 wherein moving the vascular access system relative to
the dilator includes advancing the vascular access system over the dilator to decrease a length of

the dilator that extends beyond a distal terminus of the vascular access system.

23. The method of claim 20 wherein the notch is a first notch, the method further
comprising:
positioning the dilator within the vascular access system such that the valve releasably
engages a second notch of the dilator; and
applying a force to the dilator and/or the vascular access system to release the second

notch from the valve.

24, The method of claim 23 wherein applying the force to release the second notch
from the valve includes applying the force to release the second notch from the valve without

actuating the button.

25. A vascular access system, comprising:

a dilator extending along a longitudinal axis, wherein the dilator has a varying flexibility
profile at least partially along the longitudinal axis, and wherein the dilator
defines a notch extending at least partially circumferentially about the
longitudinal axis;

avalve having a proximal end and a distal end; and

a catheter coupled to the valve and defining a lumen;

wherein the valve is configured to be releasably coupled to the dilator via the notch to
inhibit movement of the dilator relative to the catheter when at least a portion of

the dilator is inserted through the valve into the lumen of the catheter.

26. The vascular access system of claim 25 wherein the dilator includes a body region
having a diameter, and wherein the notch includes a recessed region of the dilator having a notch

diameter less than the diameter of the body region.

27. The vascular access system of claim 25 wherein the valve includes a tether, and
wherein the tether is configured to be positioned at least partially within the notch to releasably

couple the dilator to the valve.
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28. The vascular access system of claim 27 wherein the tether is biased in a first
direction to releasably couple the dilator to the valve, the valve further comprising a button
operably coupled to the tether and configured to move the tether in a second direction, opposite
the first direction, to move the tether at least partially out of the notch to uncouple the dilator

from the valve.

29. The vascular access system of claim 25 wherein the notch is a first notch, wherein
the portion of the dilator is a first portion, wherein the dilator further defines a second notch
extending at least partially circumferentially about the longitudinal axis, and wherein the valve
is configured to be releasably coupled to the dilator via the second notch to inhibit movement of
the dilator relative to the catheter when at least a second portion of the dilator is inserted through

the valve into the lumen of the catheter.

30. The vascular access system of claim 29 wherein the catheter includes a distal
terminus, wherein a first length of the dilator extends beyond the distal terminus when the first
notch is coupled to the valve, and wherein a second length of the dilator extends beyond the

distal terminus when the second notch is coupled to the valve.

31. The vascular access system of claim 30 wherein the second length is greater than
the first length.
32. The vascular access system of claim 25 wherein the dilator includes a proximal

body region having a first flexibility profile and a distal body region having a second flexibility
profile greater than the first flexibility profile, wherein the notch is positioned at least partially

between the proximal body region and the distal body region.

33. The vascular access system of claim 25 wherein the dilator has a varying

durometer at least partially along the longitudinal axis.
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DETAILED ACTION

Notice of Pre-AlA or AlA Status
1. The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 102
2. In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction
of the statutory basis (i.e., changing from AIA to pre-AlA) for the rejection will not be
considered a new ground of rejection if the prior art relied upon, and the rationale supporting
the rejection, would be the same under either status.
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form

the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale,
or otherwise available to the public before the effective filing date of the claimed invention.

4. Claim 18 is rejected under 35 U.S.C. 102(a)(1) as being anticipated by Garrison et al. (US
20150173782 A1), hereinafter referred to as “Garrison”.

Regarding Claim 18, Garrison teaches a clot treatment system (see Figure 33 and 34),
comprising:

a first clot aspiration assembly (first aspiration assembly connected to line (2025), see
Figure 33), including:

a first catheter (flow line (2025)); a first pressure source (source of aspiration (3125));
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a fluid control device (valve (3325) which may be stopcock valve, see Figure 34) (a single
embodiment can also be implemented in multiple embodiments separately or in any suitable
sub-combination, see Paragraph [0175]) between the first catheter (2025) and the first pressure
source (source of aspiration (3125), see Figure 33 and 34),

wherein the fluid control device (valve (3325) may be a stopcock valve or a flow
controller with a simple actuation which selects the open or closed configuration, see
Paragraph [0132]) is movable between (a) an open position in which the first pressure source is
fluidly connected to the first catheter (open position of stopcock (3325)) and (b) a closed
positioned in which the first pressure source is fluidly disconnected from the first catheter
(closed position of stopcock valve (3325)),

wherein the first pressure source is configured to generate vacuum pressure while the
fluid control device is in the closed position (the source of aspiration may be a locking syringe
that is pulled back into a locked position by the user while the connection to the flow line is
closed prior to the thrombectomy step of the procedure, see Paragraph [0134]]), and

wherein, upon movement of the fluid control device from the open position to the
closed position, the vacuum pressure is applied to the first catheter to generate suction at a
distal portion of the first catheter (the user may open the connection to the aspiration syringe
to enable the maximum level of aspiration in a rapid fashion with one use, see Paragraph
[0134]); and a second clot aspiration assembly (second aspiration assembly connected to line
(2045), see Figure 33), including: a second catheter (flow line (2045)); and a second pressure

source (3425) configured to be fluidly coupled to the second catheter (see Figure 33) and to
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generate suction at a distal portion of the second catheter (aspiration source (3425) provides
suction to the distal portion of the flow line (2045), see Figure 33).
Allowable Subject Matter
5. Claims 1-17 and 19-20 are allowed.
6. The following is an examiner’s statement of reasons for allowance:

Claims 1 and 11 are allowable for reciting, inter alia, “a second catheter advanceable
through the first catheter; a second pressure source; and a fluid control device between the
second catheter and the second pressure source”.

Garrison (US 20150173782 A1) teaches all of the limitations as discussed above and
Garrison further teaches a second clot aspiration assembly (second aspiration assembly
connected to line (2045), see Figure 33), including: a second catheter (flow line (2045)); and a
second pressure source (3425) configured to be fluidly coupled to the second catheter (see
Figure 33) and to generate suction at a distal portion of the second catheter (aspiration source
(3425) provides suction to the distal portion of the flow line (2045), see Figure 33). However,
Garrison fails to teach a second catheter advanceable through the first catheter. The second
catheter (2045) does not advance through first catheter (2025), as shown in Figure 33. There is
no reason to advance the second catheter through the first catheter of Garrison. Also Garrison
does not explicitly disclose the flow lines (2025 and 2045) advancing through arterial access
device (2010). It would be unreasonable to modify the flow lines to advance through the
arterial access device (2010) because it would interfere with the thrombectomy device.

Therefore, the limitations of claims 1 and 11 are considered allowable. Claims 1-10 are
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allowable for depending on claim 1. Claims 12-17 and 19-20 are allowable for depending on
claim 11.

Prior art like Johnson et al. (US 6719717 B1) teaches a thrombectomy treatment system
and method comprising a catheter for insertion into the vascular system of the patient (see
Abstract) (see Figure 1); wherein there is first source of suction (110) connected to the proximal
end of the catheter (20) and a second source of suction (190) which also provides suction to
catheter (20). However, Johnson fails to teach coupling a second pressure source to the second
catheter; and activating the second pressure source to generate suction at the distal portion of
the second catheter. There second pressure source (190) is connected to same catheter as the
first suction source. It would be unreasonable to combine any suction source to the device of
Shiber unless the sources of suction are connected to a first and second catheter in the same
configuration as Shiber. Therefore, the limitations of claims 1 and 11 are considered allowable.
Claims 2-10 are allowable for depending on claim 1. Claims 12-17 and 19-20 are allowable for
depending on claim 11.

Devices like Garrison et al. (US 20180064453 A1) teaches a clot treatment system,
comprising: a first clot aspiration assembly (see Figure 1 and 11), including:

a first catheter (222);

a first pressure source (600); and

a first fluid control device (242) between the first catheter and the first pressure source
(see Figure 11), wherein the first fluid control device is movable between (a) an open position in
which the first pressure source is fluidly connected to the first catheter (see Paragraph [0067])

and (b) a closed positioned in which the first pressure source is fluidly disconnected from the
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first catheter, wherein the first pressure source is configured to generate vacuum pressure
while the first fluid control device is in the closed position (see Paragraph [0067]), and wherein,
upon movement of the first fluid control device from the open position to the closed position,
the vacuum pressure is applied to the first catheter to generate suction at a distal portion of the
first catheter (suction can be provided to sheath (222) when valve (242 is open).

However, Garrison et al. (US 20180064453 A1) fails to teach a second clot aspiration
assembly, including: a second catheter advanceable through the first catheter; a second
pressure source; and a second fluid control device between the second catheter and the second
pressure source, wherein the second fluid control device is movable between (a) an open
position in which the second pressure source is fluidly connected to the second catheter and (b)
a closed positioned in which the second pressure source is fluidly disconnected from the second
catheter, wherein the second pressure source is configured to generate vacuum pressure while
the second fluid control device is in the closed position, and wherein, upon movement of the
second fluid control device from the open position to the closed position, the vacuum pressure
is applied to the second catheter to generate suction at a distal portion of the second catheter.
7. Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”
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Conclusion
8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ERIC RASSAVONG whose telephone number is (408)918-7549.
The examiner can normally be reached Monday - Friday 9:00am-5:30pm PT.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Nicholas J. Weiss can be reached on (571)270-1775. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Center and https://www.uspto.gov/patents/docx for
information about filing in DOCX format. For additional questions, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

JE.R./ (10/27/2023) /SUSAN S SU/

Examiner, Art Unit 3781 Primary Examiner, Art Unit 3781
1 November 2023
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318. | 20220000507 01-06-2022 Hauser

319. | 20220000506 01-06-2022 Hauser
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320. | 20220000505 01-06-2022 Hauser

321. | 20130126559 05-23-2013 Cowan et al.
322. | 20040122359 06-24-2004 Wenz et al.
323. | 20040267272 12-30-2004 Henniges et al.
324. 10709471 07-14-2020 Rosenbluth et al.
325. | 20220039815 02-10-2022 Thress et al.
326. | 20220022898 01-27-2022 Cox et al.

327. | 20220015798 01-20-2022 Marchand et al.
328. | 5376101 12-27-1994 Green et al.
329. | 5192274 03-09-1993 Bierman

330. | 20130116708 05-09-2013 Ziniti et al.

331. | 20040260344 12-23-2004 Lyons et al.
332. | 20060074401 04-06-2006 Ross

333. | 20160151605 06-02-2016 Welch et al.
334. | 20130197454 08-01-2013 SHIBATA et al.
335. | 20100016837 01-21-2010 Howat

336. | 20040138525 07-15-2004 Saadat et al.
337. | 20090192495 07-30-2009 Ostrovsky et al.

338. 11000682 05-11-2021 Merritt et al.
339. 10695159 06-30-2020 Hauser
340. 10799331 10-13-2020 Hauser

341. | 20020022859 02-21-2002 Hogendijk

342. | 20020151918 10-17-2002 Lafontaine et al.
343. 11000682 05-11-2021 Merritt et al.
344. | 5154724 10-13-1992 Andrews

345. | 20030216774 11-20-2003 Larson

346. | 20010004699 06-21-2001 Gittings et al.
347. | 20010041909 11-15-2001 Tsugita et al.
348. | 20010051810 12-13-2001 Dubrul et al.
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349. | 20020022858 02-21-2002 Demond et al.
350. | 20020026211 02-28-2002 Khosravi et al.
351. | 20020032455 03-14-2002 Boock et al.
352. | 20020095161 07-18-2002 Dhindsa

353. | 20020095171 07-18-2002 Belef

354. | 20020111648 08-15-2002 Kusleika et al.
355. | 20020120277 08-29-2002 Hauschild et al.
356. | 20020147458 10-10-2002 Hiblar et al.
357. | 20020156457 10-24-2002 Fisher

358. | 20030083693 05-01-2003 Daniel et al.
359. [ 20030100919 05-29-2003 Hopkins et al.
360. | 20030114875 06-19-2003 Sjostrom

361. | 20030116731 06-26-2003 Hartley

362. | 20030125663 07-03-2003 Coleman et al.
363. | 20030135230 07-17-2003 Massey et al.
364. | 20030135258 07-17-2003 Andreas et al.
365. | 20030153873 08-14-2003 Luther et al.
366. | 20030153973 08-14-2003 Soun et al.
367. | 20030168068 09-11-2003 Poole et al.
368. | 20030176884 09-18-2003 Berrada et al.
369. | 20030191516 10-09-2003 Weldon et al.
370. | 20030208224 11-06-2003 Broome

371. | 20040039412 02-26-2004 Isshiki et al.
372. | 20040068288 04-08-2004 Palmer et al.
373. | 20040073243 04-15-2004 Sepetka et al.
374. | 20040098033 05-20-2004 Leeflang et al.
375. | 20040133232 07-08-2004 Rosenbluth et al.
376. | 20040138692 07-15-2004 Phung et al.
377. | 20040167567 08-26-2004 Cano et al.
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378. | 20040199201 10-07-2004 Kellett et al.
379. | 20040199202 10-07-2004 Dubrul et al.
380. | 20050033172 02-10-2005 Dubrul et al.
381. | 20050038468 02-17-2005 Panetta et al.
382. [ 20050055047 03-10-2005 Greenhalgh
383. | 20050085826 04-21-2005 Nair et al.
384. | 20050085849 04-21-2005 Sepetka et al.
385. | 20050119668 06-02-2005 Teague et al.
386. | 20050177132 08-11-2005 Lentz et al.
387. | 20050187570 08-25-2005 Nguyen et al.
388. | 20050283165 12-22-2005 Gadberry

389. | 20050283166 12-22-2005 Greenhalgh et al.
390. | 20050283186 12-22-2005 Berrada et al.
391. | 20060020286 01-26-2006 Niermann
392. | 20060042786 03-02-2006 West

393. | 20060047286 03-02-2006 West

394. | 20060089533 04-27-2006 Ziegler et al.
395. | 20060100662 05-11-2006 Daniel et al.
396. | 20060155305 07-13-2006 Freudenthal et al.
397. | 20060173525 08-03-2006 Behl et al.
398. | 20060195137 08-31-2006 Sepetka et al.
399. | 20060200221 09-07-2006 Malewicz

400. | 20060224177 10-05-2006 Finitsis

401. | 20060229645 10-12-2006 Bonnette et al.
402. | 20060247500 11-02-2006 Voegele et al.
403. | 20060253145 11-09-2006 Lucas

404. | 20060276874 12-07-2006 Wilson et al.
405. | 20060282111 12-14-2006 Morsi

406. | 20060293696 12-28-2006 Fahey et al.
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407. | 20070038225 02-15-2007 Osborne

408. | 20070112374 05-17-2007 Paul, JR. et al.
409. | 20070118165 05-24-2007 DeMello et al.
410. | 20070149996 06-28-2007 Coughlin

411. | 20070161963 07-12-2007 Smalling

412. | 20070179513 08-02-2007 Deutsch

413. | 20070191866 08-16-2007 Palmer et al.
414. | 20070198028 08-23-2007 Miloslavskiet al.
415. | 20070208361 09-06-2007 Okushi et al.
416. | 20070208367 09-06-2007 Fiorella et al.
417. | 20070213753 09-13-2007 Waller

418. | 20070213765 09-13-2007 Adams et al.
419. | 20070255252 11-01-2007 Mehta

420. | 20070288054 12-13-2007 Tanaka et al.
421. | 20080015541 01-17-2008 Rosenbluth et al.
422. | 20080088055 04-17-2008 Ross

423. | 20080157017 07-03-2008 Macatangay et al.
424. | 20080167678 07-10-2008 Morsi

425. | 20080183136 07-31-2008 Lenker et al.
426. | 20080228209 09-18-2008 DeMello et al.
427. | 20080234722 09-25-2008 Bonnette et al.
428. | 20080262528 10-23-2008 Martin

429. | 20080269798 10-30-2008 Ramzipoor et al.
430. | 20080300466 12-04-2008 Gresham

431. | 20090018566 01-15-2009 Escudero et al.
432. | 20090054918 02-26-2009 Henson

433. | 20090062841 03-05-2009 Amplatz et al.
434. | 20090069828 03-12-2009 Martin et al.

435. | 20090076417 03-19-2009 Jones
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436. | 20090160112 | 06-25-2009 Ostrovsky

437. | 20090163846 | 06-25-2009 | Aklog et al.

438. | 20090182362 | 07-16-2009 | Thompson et al.
439. | 20090281525 11-12-2009 Harding et al.
440. | 20090292307 11-26-2009 Razack

441. | 20090299393 12-03-2009 Martin et al.
442. | 20100030256 | 02-04-2010 Dubrul et al.
443. | 20100042136 | 02-18-2010 Berrada et al.
444. | 20100087844 | 04-08-2010 Fischer Jr.

445. | 20100087850 | 04-08-2010 Razack

446. | 20100114113 | 05-06-2010 Dubrulet al.

447. | 20100121312 | 05-13-2010 Gielenz et al.
448. | 20100137846 | 06-03-2010 Desaietal

449. 20100190156 07-29-2010 Van Wordragen et al.
450. | 20100204712 | 08-12-2010 Mallaby

451. | 20100249815 | 09-30-2010 | Jantzen et al.
452. | 20100268264 10-21-2010 Bonnette et al.
453. | 20100318178 12-16-2010 Rapaport et al.
454. | 20110034987 | 02-10-2011 Kennedy

455. | 20110054405 | 03-03-2011 Whiting et al.
456. | 20110060212 | 03-10-2011 Slee et al.

457. | 20110118817 | 05-19-2011 Gunderson et al.,
458. | 20110125181 05-26-2011 Brady et al.

459. | 20110144592 | 06-16-2011 Wong et al.

460. | 20110152823 | 06-23-2011 Mohiuddin et al.
461. | 20110152993 | 06-23-2011 Marchand et al.
462. | 20110160742 | 06-30-2011 Ferrera et al.
463. | 20110160763 | 06-30-2011 Ferrera et al.
464. | 20110190806 | 08-04-2011 Wittens
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465. | 20110196414 08-11-2011 Porter et al.
466. | 20110213290 09-01-2011 Chin et al.
467. | 20110213403 09-01-2011 Aboytes

468. | 20110224707 09-15-2011 Miloslavskiet al.
469. | 20110245807 10-06-2011 Sakata et al.
470. | 20110251629 10-13-2011 Galdonik et al.
471. | 20110264133 10-27-2011 Hanlon et al.
472. | 20110265681 11-03-2011 Allen et al.
473. | 20110288529 11-24-2011 Fulton

474. | 20110288572 11-24-2011 Martin

475. | 20110319917 12-29-2011 Ferrera et al.
476. | 20120059309 03-08-2012 di Palma et al.
477. | 20120059356 03-08-2012 di Palma et al.
478. | 20120083824 04-05-2012 Berrada et al.
479. | 20120083868 04-05-2012 Shrivastava
480. | 20120089216 04-12-2012 Rapaport et al.
481. | 20120101480 04-26-2012 Ingle et al.
482. | 20120101510 04-26-2012 Lenker et al.
483. | 20120138832 06-07-2012 Townsend
484. | 20120143239 06-07-2012 Aklog et al.
485. | 20120165919 06-28-2012 Cox et al.

486. | 20120179181 07-12-2012 Straub et al.
487. | 20120197277 08-02-2012 Stinis

488. | 20120232655 09-13-2012 Lorrison et al.
489. | 20120271105 10-25-2012 Nakamura et al.
490. | 20120271231 10-25-2012 Agrawal

491. | 20120277788 11-01-2012 Cattaneo

492. | 20120310166 12-06-2012 Huff

493. | 20130030460 01-31-2013 Marks et al.
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494. | 20130046332 02-21-2013 Jones et al.
495. | 20130066348 03-14-2013 Fiorella et al.
496. | 20130092012 04-18-2013 Marchand et al.
497. | 20130096571 04-18-2013 Massicotte et al.
498. | 20130102996 04-25-2013 Strauss

499. | 20130116721 05-09-2013 Takagi et al.
500. | 20130144326 06-06-2013 Brady et al.

501. | 20130165871 06-27-2013 Fiorella et al.
502. | 20130184703 07-18-2013 Shireman et al.
503. | 20130197567 08-01-2013 Brady et al.

504. | 20130226196 08-29-2013 Smith

505. | 20130289608 10-31-2013 Tanaka et al.
506. | 20130317589 11-28-2013 Martin et al.
507. | 20130345739 12-26-2013 Brady et al.

508. | 20140005712 01-02-2014 Martin

509. | 20140005713 01-02-2014 Bowman

510. | 20140005715 01-02-2014 Castella et al.
511. | 20140005717 01-02-2014 Martin et al.
512. | 20140025048 01-23-2014 Ward

513. | 20140031856 01-30-2014 Martin

514. | 20140046133 02-13-2014 Nakamura et al.
515. | 20140046243 02-13-2014 Ray et al.

516. | 20140121672 05-01-2014 Folk

517. | 20140155830 06-05-2014 Bonnette et al.
518. | 20140155908 07-22-2014 Rosenbluth et al.
519. | 20140155980 06-05-2014 Turjman

520. | 20140180397 06-26-2014 Gerberding et al.
521. | 20140188143 07-03-2014 Martin et al.
522. | 20140236219 08-21-2014 Dubrul et al.
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523. | 20140243882 08-28-2014 Ma

524. | 20140257253 09-11-2014 Jemison

525. | 20140276403 09-18-2014 Follmer et al.
526. | 20140318354 10-30-2014 Thompson et al.
527. | 20140324091 10-30-2014 Rosenbluth et al.
528. | 20140330286 11-06-2014 Wallace et al.
529. | 20140336691 11-13-2014 Jones et al.
530. | 20140343593 11-20-2014 Chin et al.

531. | 20140364896 12-11-2014 Consigny

532. | 20140371779 12-18-2014 Vale et al.

533. | 20150005781 01-01-2015 Lund-Clausen et al.
534. | 20150005792 01-01-2015 Ahn

535. | 20150018859 01-15-2015 Quick et al.

536. | 20150018860 01-15-2015 Quick

537. | 20150018929 01-15-2015 Martin et al.
538. | 20150025555 01-22-2015 SOS

539. | 20150032144 01-29-2015 Holloway

540. | 20150059908 03-05-2015 Mollen

541. | 20150088190 03-26-2015 Jensen

542. | 20150127035 05-07-2015 Trapp et al.

543. | 20150133990 05-14-2015 Davidson

544. | 20150150672 06-04-2015 Ma

545. | 20150164523 06-18-2015 Brady et al.

546. | 20150164666 06-18-2015 Johnson et al.
547. | 20150190155 07-09-2015 Uim Il

548. | 20150190156 07-09-2015 Uim Il

549. | 20150196380 07-16-2015 Berrada et al.
550. | 20150196744 07-16-2015 Aboytes

551. | 20150209058 07-30-2015 Ferrera et al.
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552. | 20150209165 07-30-2015 Grandfield et al.
553. | 20150238207 08-27-2015 Cox et al.

554. | 20150250578 09-10-2015 Cook et al.
555. | 20150265299 09-24-2015 Cooper et al.
556. | 20150305756 10-29-2015 Rosenbluth
557. | 20150305859 10-29-2015 Eller

558. | 20150352325 12-10-2015 Quick

559. | 20150360001 12-17-2015 Quick

560. | 20150374391 12-31-2015 Quick

561. [ 20160008014 08-09-2016 Rosenbluth
562. | 20160022293 01-28-2016 Dubrul et al.
563. | 20160058540 03-03-2016 Don Michael
564. | 20160074627 03-17-2016 Cottone

565. | 20160106448 04-21-2016 Brady et al.
566. | 20160106449 04-21-2016 Brady et al.
567. | 20160113663 04-28-2016 Brady et al.
568. | 20160113664 04-28-2016 Brady et al.
569. | 20160113665 04-28-2016 Brady et al.
570. | 20160113666 04-28-2016 Quick

571. | 20160143721 05-26-2016 Rosenbluth
572. | 20160206344 07-21-2016 Bruzzi et al.
573. | 20160228134 08-11-2016 Martin et al.
574. | 20160262790 09-15-2016 Rosenbluth et al.
575. | 20160287276 10-06-2016 Cox et al.

576. | 20160367285 12-22-2016 Sos

577. | 20170014560 01-19-2017 Minskoff et al.
578. | 20170037548 02-09-2017 Lee

579. | 20170042571 02-16-2017 Lev

580. | 20170058623 03-02-2017 Jaffrey et al.
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581. | 20170079672 03-23-2017 Quick

582. | 20170086864 03-30-2017 Greenhalgh et al.
583. | 20170100142 04-13-2017 Look et al.

584. | 20170105743 04-20-2017 Vale et al.

585. [ 20170105745 04-20-2017 Rosenbluth et al.
586. | 20170112513 07-11-2017 Marchand et al.
587. | 20170112514 04-27-2017 Marchand et al.
588. | 20170189041 07-06-2017 Cox et al.

589. | 20170233908 08-17-2017 Kroczynski et al.
590. | 20170265878 09-21-2017 Marchand et al.
591. [ 20170303939 10-26-2017 Greenhalgh et al.
592. | 20170303942 10-26-2017 Greenhalgh et al.
593. | 20170303947 10-26-2017 Greenhalgh et al.
594. | 20170303948 10-26-2017 Wallace et al.
595. [ 20170325839 11-16-2017 Rosenbluth et al.
596. | 20170348014 12-07-2017 Wallace et al.
597. | 20180042624 02-15-2018 Greenhalgh et al.
598. | 20180042626 02-15-2018 Greenhalgh et al.
599. | 20180064453 03-08-2018 Garrison et al.
600. | 20180064454 03-08-2018 Losordo et al.
601. | 20180070968 03-15-2018 Wallace et al.
602. | 20180092652 04-05-2018 Marchand et al.
603. | 20180105963 04-19-2018 Quick

604. | 20180125512 05-10-2018 Nguyen et al.
605. | 20180193043 07-12-2018 Marchand et al.
606. | 20180236205 08-23-2018 Krautkremer et al.
607. | 20180256178 09-13-2018 Cox et al.

608. | 20180296240 10-18-2018 Rosenbluth et al.
609. | 20180344339 12-06-2018 Cox et al.
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610. | 20180361116 12-20-2018 Quick et al.
611. | 20190000492 01-03-2019 Casey et al.
612. | 20190046219 02-14-2019 Marchand et al.
613. | 20190070401 03-07-2019 Merritt et al.
614. | 20190117244 04-25-2019 Wallace et al.
615. | 20190133622 05-06-2019 Wallace et al.
616. | 20190133623 05-09-2019 Wallace et al.
617. | 20190133624 05-09-2019 Wallace et al.
618. | 20190133625 05-09-2019 Wallace et al.
619. | 20190133626 05-09-2019 Wallace et al.
620. | 20190133627 05-09-2019 Wallace et al.
621. | 20190150959 05-23-2019 Cox et al.

622. [ 20190231373 08-01-2019 Quick

623. | 20190321071 10-24-2019 Marchand et al.
624. | 20190336148 11-07-2019 Greenhalgh et al.
625. | 20200046368 02-13-2020 Merritt et al.
626. | 20210113224 04-22-2021 Dinh

627. | 20210186541 06-24-2021 Thress

628. | 20220125451 04-28-2022 Hauser

629. | 20220160382 05-26-2022 Hauser

630. | 20140303658 10-09-2014 Bonnette et al.
631. | 20050085769 04-21-2005 MacMahon et al.
632. | 20220160383 05-26-2022 Hauser

633. | 20220160381 05-26-2022 Hauser

634. | 20170049942 02-23-2017 Conlan et al.
635. | 20220240959 08-04-2022 Quick

636. | 20220211992 07-07-2022 Merritt et al.
637. | 6564828 05-20-2003 Ishida

638. | 5197485 03-30-1993 Grooters
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639. | 20130035628 02-07-2013 Garrison et al.
640. | 8057497 11-15-2011 Raju et al.
641. | 20150173782 06-25-2015 Garrison et al.
642. | 20130281788 10-24-2013 Garrison

643. | 20170196576 07-13-2017 Long et al.
644. | 20070010787 01-11-2007 Hackett et al.
645. | 20170319221 11-09-2017 CHU

646. | 20110196309 08-11-2011 Wells

647. | 20140296868 10-02-2014 Garrison et al.
648. | 20010049486 12-06-2001 Evans et al.
649. | 20100217276 08-26-2010 Garrison et al.
650. | 20140257363 09-11-2014 Lippert

651. | 20170056032 03-02-2017 Look et al.
652. | 20160220741 08-04-2016 Garrison et al.
653. | 20180104404 04-19-2018 Ngo-Chu

654. | 6719717 04-13-2004 Johnson et al.
655. 10478535 11-19-2019 Ogle

656. | 6960189 11-01-2005 Bates et al.
657. | 7004931 02-28-2006 Hogendijk
658. | 7223253 05-29-2007 Hogendijk
659. | 20220211400 07-07-2022 Cox et al.
660. 11433218 09-06-2022 Quick et al.

661. | 20040127936 07-01-2004 Salahieh et al.

662. | 20210022843 01-28-2021 Hauser

663. | 5158564 10-27-1992 Schnepp-Pesch et al.
664. | 20220347455 11-03-2022 Merritt et al.

665. | 20220346800 11-03-2022 Merritt et al.

666. | 20220346813 11-03-2022 Quick

667. | 20220346814 11-03-2022 Quick
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668. 3675657 07-11-1972 Gauthier
669. 9216277 12-22-2015 Myers
670. 9980813 05-29-2018 Eller
671. | 6451036 09-17-2002 Heitzmann et al.

672. | 20080234715 09-25-2008 Pesce et al.
673. | 20110034986 02-10-2011 Chou et al.
674. | 20190336142 11-07-2019 Torrie et al.
675. | 20190239910 08-08-2019 Brady et al.
676. | 20060217664 09-28-2006 Hattler et al.
677. | 20170252057 09-07-2017 Bonnette et al.
678. | 20170340867 11-30-2017 Accisano, Il

679. 11457936 10-04-2022 Buck et al.
680. 11259821 03-01-2022 Buck et al.
681. 11439799 09-13-2022 Buck et al.
682. | 20210315598 10-14-2021 Buck et al.
683. 11529158 12-20-2022 Hauser

684. | 20220362512 11-17-2022 Quick et al.
685. | 20220142638 05-12-2022 Enright et al.
686. | 20220151647 05-19-2022 Dolendo et al.
687. | 20220152355 05-19-2022 Dolendo et al.

688. | 5653684 08-05-1997 Laptewicz et al.
689. | 5908435 06-01-1999 Samuels

690. | 4611594 09-16-1986 Grayhack et al.
691. 9827084 11-28-2017 Bonnette et al.

692. | 20210137667 05-13-2021 Sonnette et al.
693. | 20180256177 09-13-2018 Cooper et al.

694. 11013523 05-25-2021 Arad Hadar

695. | 20200113412 04-16-2020 Jensen

696. 11406801 08-09-2022 Fojtik et al.
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697. 11554005 01-17-2023 Merritt et al.
698. 11559382 01-24-2023 Merritt et al.
699. | 6818006 11-16-2004 Douk et al.
700. 9078682 07-14-2015 Lenker et al.

701. | 20140052161 02-20-2014 Cully et al.
702. | 20180042623 02-15-2018 Batiste

703. | 20180184912 07-05-2018 Al-Ali

704. | 20160262774 09-15-2016 HONDA
705. | 20120172918 07-05-2012 Fifer et al.
706. | 20050054995 03-10-2005 Barzell et al.
707. | 20030116731 06-26-2003 Hartley

708. | 5421824 06-06-1995 Clement et al.
709. | 20210236148 08-05-2021 Marchand et al.
710. | 5158533 10-27-1992 Strauss et al.

711. | 20230046775 02-16-2023 Quick
712. | 20140188127 07-03-2014 Dubrul et al.
713. | 20140074144 03-13-2014 Shrivastava et al.

714. | 8535283 09-17-2013 Heaton et al.
715. | 8753322 06-17-2014 Hu et al.
716. | 8808259 08-19-2014 Walton et al.

717. | 20230062809 03-02-2023 Merritt et al.
718. | 20230070120 03-09-2023 Cox et al.

719. | 20010031981 10-18-2001 Evans et al.
720. | 20040102807 05-27-2004 Kusleika et al.

721. | 6059814 05-09-2000 Ladd

722. 11648028 05-16-2023 Rosenbluth et al.
723. | 5030201 07-09-1991 Palestrant

724. 11642209 05-09-2023 Merritt et al.

725. | 6540722 04-01-2003 Boyle et al.
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726. | 7678131 03-16-2010 Muller
727. | 9301769 04-05-2016 Brady et al.
728. | 20210393278 12-23-2021 O'MALLEY et al.
729. | 20210038385 | 02-11-2021 Popp et al.
730. | 20050203605 | 09-15-2005 Dolan
731. | 6152144 11-28-2000 Lesh et al.
732. | 9011551 04-21-2015 Oral et al.
733. | 8647367 02-11-2014 Kassab et al.
734. | 11166703 11-09-2021 Kassab et al.
735. | 8834519 09-16-2014 van der Burg et al.
736. | 7713282 05-11-2010 Frazier et al.
737. | 8080032 12-20-2011 van der Burg et al.
738. 7722641 05-25-2010 van der Burg et al.
739. 8523897 09-03-2013 van der Burg et al.
740. | 8535343 09-17-2013 van der Burg et al.
741. | 7152605 12-26-2006 Khairkhahan et al.
742. | 9168043 10-27-2015 van der Burg et al.
743. 7128073 10-31-2006 van der Burg et al.
744. | 10772636 09-15-2020 Kassab et al.
745. | 8480708 07-09-2013 Kassab et al.
746. | 9717488 08-01-2017 Kassab et al.
747. | 8784469 07-22-2014 Kassab
748. | 9566073 02-14-2017 Kassab et al.
749. | 20160192912 | 07-07-2016 Kassab et al.
750. | 8852205 10-07-2014 Brady et al.
751. | 20160030708 | 02-04-2016 Casiello et al.
752. | 20160135829 | 05-19-2016 Holoehwost et ah
753. | 20060264905 11-23-2006 Eskridge et al.
754. | 5244619 09-14-1993 Burnham
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755. | 20170021130 01-26-2017 Dye
756. | 20160106353 04-21-2016 Schuetz et al.

757. 10960114 03-30-2021 Goisis

758. 10531883 01-14-2020 Deville et al.
759. | 9581942 02-28-2017 Shippert
760. | 5234403 08-10-1993 Yoda et al.

761. | 20100106081 04-29-2010 Brandeis

762. | 20100094201 04-15-2010 Mallaby

763. | 20050004534 01-06-2005 Lockwood et al.
764. | 20190365395 12-05-2019 Tran et al.

765. | 20160038267 02-11-2016 ALLEN et al.
766. | 20140222070 08-07-2014 BELSON et al.
767. | 20130204297 08-08-2013 Melsheimer et al.

768. 11697012 07-11-2023 Merritt et al.
769. 11697011 07-11-2023 Merritt et al.
770.
771.

FOREIGN PATENT DOCUMENTS

Pages, Columns, |[T°

" . Lines, Where
Examiner ] Foreign Document - Name of Patentee or Applicant of cited Relevant
o Cite No. Publication Date | Document
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1. * |JP2004097807 04-02-2004 Takaakiet al.
2. * |JP2005230132 09-02-2005 Tomihisa
3. * |JP2005323702 11-24-2005 Tomihisa
4. > |JP2006094876 04-13-2006 Tomihisa
5. * |JPH6190049 07-12-1994 Deyuaa Edowaado lindo
6. * |WO1997017889 05-22-1997 Applied Medical Resources Corporation
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7. * |WO2000053120 09-14-2000 Microvena Corporation
8. * |WO2005046736 05-29-2005 Bonnette
9. * |WO2006110186 10-19-2006 Bonnette
10. * [WO2007092820 08-16-2007 Lazarus Effect Inc.
11. * |WO2009155571 12-23-2009 Coherex Medical Inc.
12. * [WO2010010545 01-28-2010 Neuravi Limited
13. * |\W0O2010023671 03-04-2010 Rapid Medical Ltd.
14. = |W0O2010049121 05-06-2010 Acandis GMBH & Co
15. = [WO2010102307 09-10-2010 Lazarus Effect Inc.
16. = |WO2011054531 05-12-2011 Cattaneo
17. * [WO2012065748 05-24-2012 Monstadt et al.
18. ** |WO2012009675 01-19-2012 Martin
19. * [WO2014047650 03-27-2014 Inceptus Medical LLC
20. * |WO2014081892 05-30-2014 Rosenbluth et al.
21. * |WO2015061365 04-30-2015 Inceptus Medical LLC
22. * |WO2015006782 01-13-2015 Inceptus Medical LLC
JP2011526820 01-07-2010 Hot-Spur Technologies, Inc.
23. ** |(corresponds to
WO2010/003135)
JP2001522631 05-20-1999 Prolifix Medical, Inc.
24. = |(corresponds to
W099/23958)
25. * |WO2010002549 01-07-2010 Hot-Spur Technologies, Inc.
26. ** |EP1867290 02-27-2013 Cordis Corporation
27. * |JP 2005-095242 06-15-2005 Ishimaru
28. ** |WO9838920 09-11-1998 Daniel et al.
29. * |WO03015840 02-27-2003 Advanced Bio Prosthetic Surfaces Ltd.
30. ** |WO2004093696 11-04-2004 Kellett et al.
31. ** |WO1999044542 09-10-1999 SCHIMED Life Systems, Inc.
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WO02012011097 01-26-2012 The Medical Research, Infrastructure
32, % and Health Services Fund of the Tel
Aviv Medical Center
33. * |WO02018080590 05-03-2018 Inari Medical, Inc.
34. * |WO2017070702 04-27-2017 Inari Medical, Inc.
35. ** |\WO02017024258 02-09-2017 KP MEDCURE, INC.
36. * |DE102017004383 07-12-2018  |Verlage
37. * |WO2019075444 04-18-2019 Inceptus Medical, LLC
38. * |WO2015191646 12-17-2015 Inceptus Medical, LLC
39. ** |WO2019050765 03-14-2019 Inari Medical, Inc.
40. ** |WO2017106877 06-22-2017 Inari Medical, Inc.
41. * |WO02012120490 09-13-2012 Neuravi Llimited
42. ** |CN103932756 07-23-2014 |Wu et al.
43. * |WO02011032712 03-24-2011 MAGIERKA ALEXANDRINA
44. ** |\WO2015121424 08-20-2015  |Technip France
45 = WO02004018916 03-04-2004 Asahi Organic Chemicals Industry Co.,
LTD.
46. ** |\WO02020036809 02-20-2020 Inari Medical, Inc.
47. ** |W02021127202 06-24-2021 Inari Medical, Inc.
48. ** |CN108348319 07-31-2018  |GW Medical LLC
49. ** |CN111281482 06-16-2020  |[Stryker Corporation
50. ** |CN103764049 04-30-2014 Marks et al.
51 CN104068910 10-01-2014 Etr&anghai Microport Medical Group Co
52. ** |CN102186427 09-14-2011 Hotspur Technologies Inc.
53. * |WO2015189354 12-17-2015 Neuravi Ltd.
54. = |WO00202162 01-10-2002 Concentric Medical Inc.
55. ** |EP1254634 11-06-2002 Radi Medical Systems
56. ** |WO2019222117 11-21-2019 Stryker Corporation
57. ** |GB2498349 07-17-2013  |Cook Medical Technologies
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58. ** |WO0032118 06-08-2000  |Atropos Limited
59. ** |WO2017058280 04-06-2017 GW Medical LLC
60. ** |WO2012049652 04-19-2012 Endogrowht
61. ** |WO2017189535 11-02-2017 Stryker Corporation
62. ** |WO2017189550 11-02-2017 Stryker Corporation
63. ** |WO2017189591 11-02-2017 Stryker Corporation
64. ** |WO2017189615 11-02-2017 Stryker Corporation
65. ** |WO02017210487 12-07-2017 Stryker Corporation
66. ** |GB1588072 04-15-1981 Beecher
67. ** |AU2015210338 08-27-2015 Shifamed Holdings LLC
68. ** |WO2018049317 03-15-2018 Stryker Corporation
69. ** |WO2019010318 01-10-2019 Stryker Corporation
70. ** |WO2019094456 05-16-2019 Stryker Corporation
71. * |WO02012162437 11-29-2012 Lazarus Effect Inc.
72. ** |WO2009086482 07-09-2009 Lazarus Effect Inc.
73. * |WO9839053 09-11-1998 Scimed Life Systems Inc.
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"20090281525" OR
"20090292307" OR
"20090299393" OR
"20100016837" OR
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"20100030256" OR
"20100042136" OR
"20100087844" OR
"20100087850" OR
"20100094201" OR
"20100106081" OR
"20100114113" OR
"20100121312" OR
"20100137846" OR
"20100190156" OR
"20100204712" OR
"20100217276" OR
"20100249815" OR
"20100268264" OR
"20100318178" OR
"20110034986" OR
"20110034987" OR
"20110054405" OR
"20110060212" OR
"20110118817" OR
"20110125181" OR
"20110144592" OR
"20110152823" OR
"20110152993" OR
"20110160742" OR
"20110160763" OR
"20110190806" OR
"20110196309" OR
"20110196414" OR
"20110213290" OR
"20110213403" OR
"20110224707" OR
"20110245807" OR
"20110251629" OR
"20110264133" OR
"20110265681" OR
"20110288529" OR
"20110288572" OR
"20110319917" OR
"20120059309" OR
"20120059356" OR
"20120083824" OR
"20120083868" OR
"20120089216" OR
"20120101480" OR
"20120101510" OR
"20120138832" OR
"20120143239" OR
"20120165919" OR
"20120172918" OR
"20120179181" OR
"20120197277" OR
"20120232655" OR
"20120271105" OR
"20120271231" OR
"20120277788" OR
"20120310166" OR
"20130030460" OR
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"20130035628" OR
"20130046332" OR
"20130066348" OR
"20130092012" OR
"20130096571" OR
"20130102996" OR
"20130116708" OR
"20130116721" OR
"20130126559" OR
"20130144326" OR
"20130165871" OR
"20130184703" OR
"20130197454" OR
"20130197567" OR
"20130204297" OR
"20130226196" OR
"20130281788" OR
"20130289608" OR
"20130317589" OR
"20130345739" OR
"20140005712" OR
"20140005713" OR
"20140005715").pn.

L2 250 ("20140005717" OR (US-PGPUB; USPAT) |OR ON ON 2023/10/23
"20140025048" OR 05:11 PM

"20140031856" OR
"20140046133" OR
"20140046243" OR
"20140052161" OR
"20140074144" OR
"20140121672" OR
"20140155830" OR
"20140155908" OR
"20140155980" OR
"20140180397" OR
"20140188127" OR
"20140188143" OR
"20140222070" OR
"20140236219" OR
"20140243882" OR
"20140257253" OR
"20140257363" OR
"20140276403" OR
"20140296868" OR
"20140303658" OR
"20140318354" OR
"20140324091" OR
"20140330286" OR
"20140336691" OR
"20140343593" OR
"20140364896" OR
"20140371779" OR
"20150005781" OR
"20150005792" OR
"20150018859" OR
"20150018860" OR
"20150018929" OR
"20150025555" OR
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"20150032144" OR
"20150059908" OR
"20150088190" OR
"20150127035" OR
"20150133990" OR
"20150150672" OR
"20150164523" OR
"20150164666" OR
"20150173782" OR
"20150190155" OR
"20150190156" OR
"20150196380" OR
"20150196744" OR
"20150209058" OR
"20150209165" OR
"20150238207" OR
"20150250578" OR
"20150265299" OR
"20150305756" OR
"20150305859" OR
"20150352325" OR
"20150360001" OR
"20150374391" OR
"20160008014" OR
"20160022293" OR
"20160030708" OR
"20160038267" OR
"20160058540" OR
"20160074627" OR
"20160106353" OR
"20160106448" OR
"20160106449" OR
"20160113663" OR
"20160113664" OR
"20160113665" OR
"20160113666" OR
"20160135829" OR
"20160143721" OR
"20160151605" OR
"20160192912" OR
"20160206344" OR
"20160220741" OR
"20160228134" OR
"20160262774" OR
"20160262790" OR
"20160287276" OR
"20160367285" OR
"20170014560" OR
"20170021130" OR
"20170037548" OR
"20170042571" OR
"20170049942" OR
"20170056032" OR
"20170058623" OR
"20170079672" OR
"20170086864" OR
"20170100142" OR
"20170105743" OR
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"20170105745" OR
"20170112513" OR
"20170112514" OR
"20170189041" OR
"20170196576" OR
"20170233908" OR
"20170252057" OR
"20170265878" OR
"20170303939" OR
"20170303942" OR
"20170303947" OR
"20170303948" OR
"20170319221" OR
"20170325839" OR
"20170340867" OR
"20170348014" OR
"20180042623" OR
"20180042624" OR
"20180042626" OR
"20180064453" OR
"20180064454" OR
"20180070968" OR
"20180092652" OR
"20180104404" OR
"20180105963" OR
"20180125512" OR
"20180184912" OR
"20180193043" OR
"20180236205" OR
"20180256177" OR
"20180256178" OR
"20180296240" OR
"20180344339" OR
"20180361116" OR
"20190000492" OR
"20190046219" OR
"20190070401" OR
"20190117244" OR
"20190133622" OR
"20190133623" OR
"20190133624" OR
"20190133625" OR
"20190133626" OR
"20190133627" OR
"20190150959" OR
"20190231373" OR
"20190239910" OR
"20190321071" OR
"20190336142" OR
"20190336148" OR
"20190365395" OR
"20200046368" OR
"20200113412" OR
"20210022843" OR
"20210038385" OR
"20210113224" OR
"20210137667" OR
"20210186541" OR
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"20210236148" OR
"20210290925" OR
"20210315598" OR
"20210330344" OR
"20210378694" OR
"20210393278" OR
"20220000505" OR
"20220000506" OR
"20220000507" OR
"20220015798" OR
"20220022898" OR
"20220039815" OR
"20220125451" OR
"20220142638" OR
"20220151647" OR
"20220152355" OR
"20220160381" OR
"20220160382" OR
"20220160383" OR
"20220211400" OR
"20220211992" OR
"20220240959" OR
"20220346800" OR
"20220346813" OR
"20220346814" OR
"20220347455" OR
"20220362512" OR
"20230046775" OR
"20230062809" OR
"20230070120" OR
"2846179" OR
"2955592" OR
"3088363" OR
"3197173" OR
"3435826" OR
"3515137" OR
"3675657" OR
"3892161" OR
"3923065" OR
"4030503" OR
"4034642" OR
"4222380" OR
"4243040" OR
"4287808" OR
"4324262" OR
"4393872" OR
"4469100" OR
"4523738" OR
"4551862" OR
"4604094" OR
"4611594" OR
"4643184" OR
"4646736" OR
"4650466" OR
"4776337" OR
"4790812" OR
"4863440" OR
"4870953" OR
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"4883458" OR
"4886062" OR
"4890611" OR
"4898575" OR
"4946440" OR
"4960259" OR
"4978341" OR
"5030201" OR
"5059178" OR
"5100423" OR
"5127626" OR
"5129910" OR
"5135484" OR
"5154724" OR
"5158533" OR
"5158564" OR
"5192274" OR
"5192286" OR
"5192290" OR
"5197485" OR
"5234403" OR
"5244619" OR
"5329923" OR
"5360417" OR
"5364345" OR
"5376101" OR
"5383887" OR
"5389100" OR
"5419774" OR
"5421824" OR
"5443443" OR
"5456667" OR
"5476450" OR
"5490859" OR
"5496365" OR
"5527326" OR
"5549626" OR
"5591137" OR
"5653684" OR
"5662703" OR
"5746758").pn.

L3 250 ("5749858" OR (US-PGPUB; USPAT) |OR ON ON 2023/10/23
"5769816" OR 05:11 PM

"5782817" OR
"5800457" OR
"5827229" OR
"5846251" OR
"5860938" OR
"5873866" OR
"5873882" OR
"5876414" OR
"5895406" OR
"5908435" OR
"5911710" OR
"5911733" OR
"5911754" OR
"5941869" OR
"5947985" OR
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"5954737" OR
"5971938" OR
"5972019" OR
"5974938" OR
"5989233" OR
"5993483" OR
"6030397" OR
"6059814" OR
"6066158" OR
"6068645" OR
"6126635" OR
"6142987" OR
"6146396" OR
"6146403" OR
"6152144" OR
"6152946" OR
"6156055" OR
"6159230" OR
"6165196" OR
"6168579" OR
"6179859" OR
"6221006" OR
"6228060" OR
"6238412" OR
"6245078" OR
"6245089" OR
"6254571" OR
"6258115" OR
"6264663" OR
"6306163" OR
"6322572" OR
"6350271" OR
"6361545" OR
"6364895" OR
"6368339" OR
"6383205" OR
"6402771" OR
"6413235" OR
"6423032" OR
"6432122" OR
"6451036" OR
"6458103" OR
"6475236" OR
"6485502" OR
"6508782" OR
"6511492" OR
"6514273" OR
"6530923" OR
"6530935" OR
"6540722" OR
"6544276" OR
"6544278" OR
"6544279" OR
"6551342" OR
"6564828" OR
"6569181" OR
"6575995" OR
"6589263" OR
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"6596011" OR
"6602271" OR
"6605074" OR
"6605102" OR
"6610077" OR
"6620148" OR
"6620179" OR
"6620182" OR
"6623460" OR
"6635068" OR
"6645222" OR
"6660013" OR
"6660014" OR
"6663650" OR
"6692504" OR
"6699260" OR
"6702830" OR
"6719717" OR
"6755847" OR
"6767353" OR
"6790204" OR
"6800080" OR
"6818006" OR
"6824545" OR
"6824550" OR
"6824553" OR
"6830561" OR
"6846029" OR
"6902540" OR
"6939361" OR
"6942682" OR
"6945977" OR
"6960189" OR
"6960222" OR
"7004931" OR
"7004954" OR
"7036707" OR
"7041084" OR
"7052500" OR
"7056328" OR
"7063707" OR
"7069835" OR
"7094249" OR
"7128073" OR
"7152605" OR
"7179273" OR
"7223253" OR
"7232432" OR
"7244243" OR
"7285126" OR
"7300458" OR
"7306618" OR
"7320698" OR
"7323002" OR
"7331980" OR
"7534234" OR
"7578830" OR
"7621870" OR
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"7674247" OR
"7678131" OR
"7691121" OR
"7695458" OR
"7713282" OR
"7722641" OR
"7763010" OR
"7766934" OR
"7775501" OR
"7780696" OR
"7905877" OR
"7905896" OR
"7938809" OR
"7938820" OR
"7967790" OR
"7976511" OR
"7993302" OR
"7993363" OR
"8043313" OR
"8052640" OR
"8057496" OR
"8057497" OR
"8066757" OR
"8070769" OR
"8070791" OR
"8075510" OR
"8080032" OR
"8088140" OR
"8092486" OR
"8100935" OR
"8109962" OR
"8118829" OR
"8197493" OR
"8246641" OR
"8261648" OR
"8267897" OR
"8298257" OR
"8317748" OR
"8337450" OR
"8357178" OR
"8361104" OR
"8409215" OR
"8480708" OR
"8486105" OR
"8491539" OR
"8512352" OR
"8523897" OR
"8535283" OR
"8535334" OR
"8535343" OR
"8545526" OR
"8568432" OR
"8574262" OR
"8579915" OR
"8585713" OR
"8608754" OR
"8647367" OR
"8657867" OR
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"8696622" OR
"8715314" OR
"8721714" OR
"8753322" OR
"8771289" OR
"8777893" OR
"8784441" OR
"8784442" OR
"8784469" OR
"8795305" OR
"8795345" OR
"8801748" OR
"8808259" OR
"8814927" OR
"8820207" OR
"8826791" OR
"8828044" OR
"8833224" OR
"8834519" OR
"8845621" OR
"8852205" OR
"8852226" OR
"8939991" OR
"8945143" OR
"8945172" OR
"8956384" OR
"8992504" OR
"9005172" OR
"9011551" OR
"9028401" OR
"9078682" OR
"9101382" OR
"9125683" OR
"9126016" OR
"9149609" OR
"9155552" OR
"9161766" OR
"9168043" OR
"9173668" OR
"9186487" OR
"9204887" OR
"9216277" OR
"9259237" OR
"9283066" OR
"9301769" OR
"9351747" OR
"9358037" OR
"9439664" OR
"9439751" OR
"9456834" OR
"9463035" OR
"9463036" OR
"9526864" OR
"9526865" OR
"9566073" OR
"9566424" OR
"9579116" OR
"9581942" OR
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"9616213").pn.
L4 17 ("9636206" OR (US-PGPUB; USPAT) |OR ON ON 2023/10/23
"9643035" OR 05:11 PM
"9700332" OR
"9717488" OR
"9717514" OR
"9717519" OR
"9744024" OR
"9757137" OR
"9827084" OR
"9844386" OR
"9844387" OR
"9848975" OR
"9849014" OR
"9962178" OR
"9980813" OR
"9999493" OR
"RE43902").pn.
L5 4 "20160030708".pn. (US-PGPUB; USPAT; |OR ON ON 2023/10/23
USOCR; FIT (AU, AP, 05:14 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)
L6 4 "20160135829"pn. (US-PGPUB; USPAT; |OR ON ON 2023/10/23
USOCR; FIT (AU, AP, 05:14 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)
L7 4 ("20230200970" OR  |(US-PGPUB; USPAT) |OR ON ON 2023/10/25
"20230218310" OR 06:42 PM
"20230218313" OR
"20230218383").pn.
L8 6 "2015179329" pn. (US-PGPUB; USPAT; |OR ON ON 2023/10/25
USOCR; FIT (AU, AP, 06:43 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)
L9 8 ("10183159" OR (US-PGPUB; USPAT) |OR ON ON 2023/10/25
"20070233043" OR 06:56 PM
"20230233311" OR
"20230240705" OR
"20230240706" OR
"20230241302" OR
"8343167" OR
"8568465").pn.
L10 55 ("10058339" OR (US-PGPUB; USPAT) |OR ON ON 2023/10/25
"10384034" OR 06:59 PM
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"10456555" OR
"10485952" OR
"10926060" OR
"10953195" OR
"1101890" OR
"11065019" OR
"11185664" OR
"11224450" OR
"11224721" OR
"11305094" OR
"11383064" OR
"11395903" OR
"11576691" OR
"11596768" OR
"11744691" OR
"20040019310" OR
"20080312681" OR
"20110071503" OR
"20120109109" OR
"20130150793" OR
"20170143359" OR
"20170143938" OR
"20170281204" OR
"20180055999" OR
"20180250498" OR
"20190015298" OR
"20190366036" OR
"20200046940" OR
"20200121334" OR
"20210138194" OR
"20210205577" OR
"20210404464" OR
"20220033888" OR
"20220370761" OR
"20230059721" OR
"20230122587" OR
"20230248380" OR
"20230270991" OR
"3416531" OR
"3860006" OR
"4981478" OR
"5391152" OR
"5639276" OR
"5971958" OR
"7122034" OR
"7481805" OR
"7815608" OR
"8021351" OR
"8070694" OR
"9241669" OR
"9265512" OR
"9532792" OR
"9662129").pn.

L11 5 "106178227" (US-PGPUB; USPAT; |OR ON ON 2023/10/25
USOCR; FIT (AU, AP, 07:21 PM

AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,

10/27/2023 07:58:11 PM Page 15 of 35
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII ER

-437-



L12

L13

L14

L15

L16

L17

L18

7801

17515

1279

12292

22696

5168

8040

AB61F2/01.cpc.

A61B17/12109.cpc.

AB61M1/815.cpc.

A61M1/84.cpc.

A61B17/221 .cpc.

A61B2017/22034.cpc.

A61B2017/22079.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/10/25
07:22 PM

2023/10/25
07:22 PM

2023/10/25
07:22 PM

2023/10/25
07:22 PM

2023/10/25
07:23 PM

2023/10/25
07:39 PM

2023/10/25
07:39 PM
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L19

L20

L21

L22

L23

L24

L25

29726

4679

34676

1137

37

34

732

A61B2217/005.cpc.

AB61M1/79.cpc.

A61M25/10.cpc.

A61B17/12109.cpc.
AND A61F2/01.cpc.

A61M1/815.cpc. AND
AB1F2/01.cpc.

A61M1/84.cpc. AND
AB1F2/01.cpc.

A61B17/221.cpc. AND
AB61F2/01.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
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231

113

114

35

129

17515

33

A61B2017/22034.cpc.

AND A61F2/01.cpc.

A61B2017/22079.cpc.

AND A61F2/01.cpc.

A61B2217/005.cpc.
AND A61F2/01.cpc.

AB61M1/79.cpc. AND
AB1F2/01.cpc.

A61M25/10.cpc. AND
AB1F2/01.cpc.

A61B17/12109.cpc.
AND
A61B17/12109.cpc.

AB61M1/815.cpc. AND
A61B17/12109.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
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L33

L34

L35

L36

L37

L38

L39

170

1076

544

441

476

30

1330

A61M1/84.cpc. AND
A61B17/12109.cpc.

A61B17/221.cpc. AND
A61B17/12109.cpc.

A61B2017/22034.cpc.
AND
A61B17/12109.cpc.

A61B2017/22079.cpc.
AND
A61B17/12109.cpc.

A61B2217/005.cpc.
AND
A61B17/12109.cpc.

AB1M1/79.cpc. AND
AB61B17/12109.cpc.

AB61M25/10.cpc. AND
A61B17/12109.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
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L40

L41
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L43

L44

L45

L46

209

30

32

64

69

100

30

A61M1/84.cpc. AND
AB61M1/815.cpc.

A61B17/221.cpc. AND
AB61M1/815.cpc.

A61B2017/22034.cpc.
AND A61M1/815.cpc.

A61B2017/22079.cpc.
AND A61M1/815.cpc.

A61B2217/005.cpc.
AND A61M1/815.cpc.

AB1M1/79.cpc. AND
AB1M1/815.cpc.

AB61M25/10.cpc. AND
A61M1/815.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
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L47
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L49

L50

L51

L52

L53

426

231

673

2007

641

738

3952

A61B17/221.cpc. AND
AB61M1/84.cpc.

A61B2017/22034.cpc.
AND A61M1/84 .cpc.

A61B2017/22079.cpc.
AND A61M1/84.cpc.

A61B2217/005.cpc.
AND A61M1/84 .cpc.

AB61M1/79.cpc. AND
AB61M1/84.cpc.

A61M25/10.cpc. AND
AB1M1/84.cpc.

AB61B2017/22034.cpc.
AND A61B17/221.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
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L54

L55

L56

L57

L58

L59

L60

2586

2026

115

975

1026

648

71

A61B2017/22079.cpc.
AND A61B17/221.cpc.

A61B2217/005.cpc.

AND A61B17/221.cpc.

AB61M1/79.cpc. AND
A61B17/221 .cpc.

AB61M25/10.cpc. AND
AB1B17/221 .cpc.

A61B2017/22079.cpc.

AND

A61B2017/22034.cpc.

A61B2217/005.cpc.
AND

A61B2017/22034.cpc.

AB61M1/79.cpc. AND

A61B2017/22034.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
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L61

L62

L63

L64

L65

L66

L67

557

3178

265

520

1004

908

59

AB61M25/10.cpc. AND

A61B2017/22034.cpc.

A61B2217/005.cpc.
AND

A61B2017/22079.cpc.

AB61M1/79.cpc. AND

A61B2017/22079.cpc.

AB61M25/10.cpc. AND

A61B2017/22079.cpc.

AB61M1/79.cpc. AND
A61B2217/005.cpc.

A61M25/10.cpc. AND
AB61B2217/005.cpc.

AB61M25/10.cpc. AND
AB1M1/79.cpc.

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT:;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
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L68

72

((WO-2015179329-A1
OR WO-2017024258-
A1 OR WO-
2015061365-A1 OR
WO-2014081892-A1
OR JP-2005323702-A
OR WO-0053120-A1
OR WO-9744082-
A2).did. AND
FTDB.dbnm.) OR ((US-
8343167-B2 OR US-
10226263-B2 OR US-
9999493-B2 OR US-
9757137-B2 OR US-
9744024-B2 OR US-
9700332-B2 OR US-
9616213-B2 OR US-
9566424-B2 OR US-
9526865-B2 OR US-
9463036-B2 OR US-
9456834-B2 OR US-
9439751-B2 OR US-
9439664-B2 OR US-
9149609-B2 OR US-
9161766-B2 OR US-
8777893-B2 OR US-
8585713-B2 OR US-
8512352-B2 OR US-
8409215-B2 OR US-
7938820-B2 OR US-
7905896-B2 OR US-
7763010-B2 OR US-
7220269-B1 OR US-
7041084-B2 OR US-
6767353-B1 OR US-
6719717-B1 OR US-
6454775-B1 OR US-
6238412-B1 OR US-
6217548-B1 OR US-
6066149-A OR US-
5971958-A).did. AND
USPT.dbnm.) OR ((US-
20200046368-A1 OR
US-20190231373-A1
OR US-20190070401-
A1 OR US-
20180193043-A1 OR
US-20180064453-A1
OR US-20170049942-
A1 OR US-
20160220741-A1 OR
US-20150265423-A1
OR US-20150133990-
A1 OR US-
20150025555-A1 OR

SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)
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L69 75

US-20150018860-A1
OR US-20140228869-
A1 OR US-
20140155830-A1 OR
US-20140025048-A1
OR US-20130261638-
A1 OR US-
20120310166-A1 OR
US-20110264133-A1
OR US-20110054405-
A1 OR US-
20100249753-A1 OR
US-20100204712-A1
OR US-20100030256-
A1 OR US-
20090163846-A1 OR
US-20080269798-A1
OR US-20080157017-
A1 OR US-
20070208361-A1 OR
US-20050113762-A1
OR US-20030135230-
A1 OR US-
20020120277-A1).did.
AND PGPB.dbnm.) OR
((WO-2018206747-A1
OR US-20170105743-
A1 OR US-6589264-B1
OR US-20020151922-
A1).did. AND
DWPIl.dbnm.) OR
((WO-2014186413-A2
OR WO-2013158342-
A1).did. AND
FPRS.dbnm.)

((US-9259237-B2 OR
US-9439751-B2 OR
US-9463036-B2 OR
US-9566424-B2 OR
US-9579116-B1 OR
US-9408620-B2 OR
US-9757137-B2 OR
US-9439664-B2 OR
US-9999493-B2 OR
US-9700332-B2 OR
US-9456834-B2 OR
US-9161766-B2 OR
US-9526865-B2 OR
US-9149609-B2 OR
US-9744024-B2 OR
US-6238412-B1 OR
US-7938820-B2 OR
US-8585713-B2 OR
US-6066149-A OR US-
6767353-B1 OR US-
7905896-B2 OR US-
8409215-B2 OR US-
10098651-B2 OR US-

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO): FPRS; EPO;
JPO: DERWENT:
IBM_TDB)
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7220269-B1 OR US-
7763010-B2 OR US-
8512352-B2 OR US-
6217548-B1 OR US-
10226263-B2 OR US-
9616213-B2 OR US-
8777893-B2 OR US-
7041084-B2 OR US-
6454775-B1 OR US-
6719717-B1).did. AND
USPT.dbnm.) OR ((US-
20150018860-A1 OR
US-20100114113-A1
OR US-20080269798-
A1 OR Us-
20110264133-A1 OR
US-20140025048-A1
OR US-20090163846-
A1 OR US-
20020120277-A1 OR
US-20120310166-A1
OR US-20100204712-
A1 OR US-
20180125512-A1 OR
US-20150133990-A1
OR US-20070208361-
A1 OR US-
20190070401-A1 OR
US-20100030256-A1
OR US-20180193043-
A1 OR US-
20130261638-A1 OR
US-20190231373-A1
OR US-20150025555-
A1 OR US-
20150265423-A1 OR
US-20100249753-A1
OR US-20050113762-
A1 OR US-
20080157017-A1 OR
US-20110054405-A1
OR US-20030135230-
A1 OR Us-
20200046368-A1 OR
US-20140155830-A1
OR US-20140228869-
A1 OR US-
20160220741-A1 OR
US-20180064453-A1
OR US-20170049942-
A1).did. AND
PGPB.dbnm.) OR
((WO-2014186413-A2
OR WO-2013158342-
A1).did. AND
FPRS.dbnm.) OR ((US-
6589264-B1 OR US-
20020151922-A1 OR
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WO-2018206747-A1
OR US-20170105743-
A1).did. AND
DWPIl.dbnm.) OR
((WO-9744082-A2 OR
JP-2005323702-A OR
WO-2014081892-A1
OR WO-2015061365-
A1 OR WO-
2017024258-A1 OR
WO-0053120-A1).did.
AND FTDB.dbnm.)

((US-20050054995-A1
OR US-20180064453-
A1 OR US-
20160262774-A1 OR
US-20190000492-A1
OR US-20140276288-
A1 OR US-
20170143938-A1 OR
US-20170143359-A1
OR US-20080312681-
A1 OR US-
20170281204-A1 OR
US-20180184912-A1
OR US-20120172918-
A1 OR Us-
20140371779-A1 OR
US-20180064454-A1
OR US-20120310166-
A1 OR US-
20030116731-A1).did.
AND PGPB.dbnm.) OR
((WO-2016182977-A1
OR WO-2006124307-
A2 OR JP-2001321364-
A).did. AND
FTDB.dbnm.) OR ((US-
5421824-A OR US-
8808259-B2 OR US-
8753322-B2 OR US-
10531883-B1 OR US-
9345499-B2 OR US-
4880408-A OR US-
8535283-B2 OR US-
9028401-B1).did. AND
USPT.dbnm.)

(Artificial Intelligence)
More like doc:
US-20160135829-A1

Text:

(US-8075510-B2 OR
US-2009163846-A1 OR
US-10383983-B2 OR
US-2011213392-A1 OR
US-2011301634-A1 OR
EP-2231256-B1 OR

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,

OR

OR

ON

ON

ON

ON

2023/10/25
07:52 PM

2023/10/25
07:58 PM
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US-2016151079-A1 OR [Nz, PH, PL, PT, RO,
US-2019321525-A1 OR [RS, SE, SG, SI, SK,
US-8506512-B2 OR  |TH, TN, TR, TW, UA,
WO-2012148645-A2  |VN): FPRS; EPO:
OR US-8613717-B2 OR|JPO; DERWENT;
US-2011213393-A1 OR |IBM_TDB)
US-2013304082-A1 OR

WO-2012151025-A1

OR US-8734374-B2 OR

US-2020121333-A1 OR

US-2020164117-A1 OR

US-2017136158-A1 OR

WO-2012141969-A2

OR US-2011213297-

A1).did.

L72 24 (Artificial Intelligence)  |(US-PGPUB: USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 07:58 PM
US-20190239910-A1  |AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-11464528-B2 OR |CZ, DD, DE, DK, EA,
US-2023000510-A1 OR |EE, EP, ES, FI, FR, GB,
WO-2018019829-A1  |HR, HU, ID, IE, IL, IS,
OR JP-2019527110-A |[IT, JP, KR, LT, LU, LV,
OR KR-20220150422-A [MA, OA, RU, SU, WO,
OR CN-109788964-B  |MC, MD, MY, NL, NO,
OR KR-20190035792-A |NZ, PH, PL, PT, RO,
OR JP-7010925-B2 OR RS, SE, SG, SI, SK,
KR-102460052-B1 OR |TH, TN, TR, TW, UA,
JP-20190527110-A5  |VN); FPRS; EPO;
OR BR-112019001481- [JPO; DERWENT;
A2 OR CN-109788964- |IBM_TDB)

A OR US-2021128182-

A1 OR US-11337712-

B2 OR US-

2023026412-A1 OR

EP-3806757-A1 OR

WO-2020023541-A1

OR US-11197683-B1

OR US-2021361314-A1

OR US-2020397957-

A1).did.

L73 34 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 07:59 PM
US-20150164666-A1  |AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,

(US-9782186-B2 OR  |CZ, DD, DE, DK, EA,

WO-2016141025-A1  |EE, EP, ES, FI, FR, GB,

OR EP-3265001-A1 OR [HR, HU, ID, IE, IL, IS,

CN-107405160-B OR  |IT, JP, KR, LT, LU, LV,

EP-3265001-B1 OR  |MA, OA, RU, SU, WO,

EP-3364890-B1 OR  |MC, MD, MY, NL, NO,

WO-2017070316-A1  |NZ, PH, PL, PT, RO,

OR EP-3364890-A1 OR [RS, SE, SG, SI, SK,

WO-2020260632-A1  |TH, TN, TR, TW, UA,

OR EP-3990083-A1 OR |VN); FPRS; EPO;

US-2022265962-A1 OR [JPO; DERWENT;

US-9827126-B2 OR  |IBM_TDB)
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EP-3990083-B1 OR
CA-3000119-C OR US-
9474639-B2 OR WO-
2019236597-A1 OR
EP-3813740-A1 OR
CA-3102299-A1 OR
US-2019374358-A1 OR
CN-112218601-A).did.

L74 22 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 07:59 PM
US-20180064453-A1  |AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-10485952-B2 OR |CZ, DD, DE, DK, EA,
US-9681882-B2 OR  |EE, EP, ES, FI, FR, GB,
US-2016367272-A1 OR |HR, HU, ID, IE, IL, IS,
US-2020215306-A1 OR [IT, JP, KR, LT, LU, LV,
AU-2016215229-B2 OR |MA, OA, RU, SU, WO,
US-9820761-B2 OR  |MC, MD, MY, NL, NO,
AU-2022204503-A1 OR |NZ, PH, PL, PT, RO,
CN-112155656-A OR  |RS, SE, SG, SI, SK,
US-2020016369-A1 OR |TH, TN, TR, TW, UA,
US-2019366043-A1 OR |VN); FPRS; EPO;
US-11305094-B2 OR  [JPO; DERWENT;
US-10456555-B2 OR  |IBM_TDB)
US-11224721-B2 OR

US-11185664-B2 OR

US-2019366042-A1 OR

US-2021138193-A1 OR

US-2021138194-A1 OR

US-2020046940-A1 OR

US-11383064-B2 OR

US-2020164178-

A1).did.

L75 24 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:00 PM
US-20110034986-A1 |AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(US-9655755-B2 OR  |CZ, DD, DE, DK, EA,
US-2015141760-A1 OR |EE, EP, ES, FI, FR, GB,
US-2017354523-A1 OR |HR, HU, ID, IE, IL, IS,
US-10085864-B2 OR  [IT, JP, KR, LT, LU, LV,
US-8858490-B2 OR  |MA, OA, RU, SU, WO,
US-9259215-B2 OR  |MC, MD, MY, NL, NO,
US-2016158044-A1 OR [NZ, PH, PL, PT, RO,
US-2019269538-A1 OR [RS, SE, SG, SI, SK,
US-2021307945-A1 OR |TH, TN, TR, TW, UA,
US-10952882-B2 OR  |VN); FPRS; EPO;
US-2017312491-A1 OR [JPO; DERWENT;
WO-2012021406-A2  |IBM_TDB)
OR US-9623228-B2 OR
US-10369346-B2 OR
US-2013197621-A1 OR
EP-2249750-B1 OR
US-2020054871-A1 OR
WO-2014025930-A1
OR WO-2010099437-
A1 OR US-

10/27/2023 07:58:11 PM Page 28 of 35

Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII

-451-

ER




2013281788-A1).did.

L76 23 (Artificial Intelligence) |(US-PGPUB; USPAT; [OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:01 PM
US-20120143239-A1 AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
(EP-2646102-A1 OR CZ, DD, DE, DK, EA,
WO-2012075415-A1  |EE, EP, ES, FI, FR, GB,
OR CA-2819670-A1 OR|HR, HU, ID, IE, IL, IS,
US-8956383-B2 OR IT, JP, KR, LT, LU, LV,
CA-2819670-C OR JP- |MA, OA, RU, SU, WO,
2014503254-A OR US- |MC, MD, MY, NL, NO,
8506512-B2 OR WO- |NZ, PH, PL, PT, RO,
2012151025-A1 OR RS, SE, SG, SI, 8K,
US-2011213290-A1 OR [TH, TN, TR, TW, UA,
WO-2012158269-A1 VN); FPRS; EPO,;
OR US-2011213393-A1 [JPO; DERWENT;

OR US-2009163846-A1 (IBM_TDB)

OR Us-8075510-B2 OR

US-2011213392-A1 OR

US-2013304082-A1 OR

EP-2231256-B1 OR

US-2020121333-A1 OR

US-2019321525-A1 OR

US-10517617-B2 OR

US-2016151079-

A1).did.

L77 28 (Artificial Intelligence) |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:01 PM
US-20090163846-A1 AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
(EP-2231256-A1 OR CZ,DD, DE, DK, EA,
WO-2009082513-A1 EE, EP, ES, FI, FR, GB,
OR US-8075510-B2 OR|HR, HU, ID, IE, IL, IS,
EP-2231256-B1 OR IT, JP, KR, LT, LU, LV,
EP-3311875-A1 OR MA, OA, RU, SU, WO,
US-2011213392-A1 OR |MC, MD, MY, NL, NO,
JP-2015154985-A OR |NZ, PH, PL, PT, RO,
JP-2016190050-A OR |RS, SE, SG, SI, SK,
JP-2011507602-A OR |TH, TN, TR, TW, UA,
US-8506512-B2 OR VN); FPRS; EPO;
US-8613717-B2 OR  |JPO; DERWENT;
US-2016303297-A1 OR (IBM_TDB)
WO-2012148645-A2

OR US-2014221949-A1

OR US-9402938-B2 OR

WO-2012151025-A1

OR US-2011301634-A1

OR US-10383983-B2

OR US-8734374-B2 OR

US-2020121333-

A1).did.

L78 35 (Artificial Intelligence) |(US-PGPUB; USPAT; [OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:02 PM
US-20180042623-A1 AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
(JP-2020519405-A OR |CZ, DD, DE, DK, EA,
EP-3952967-A1 OR EE, EP, ES, FI, FR, GB,
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CN-113660970-A OR
WO-2020167276-A1
OR US-11452841-B2
OR CN-113365687-A
OR US-2020324079-A1
OR CN-113951980-A
OR WO-2021167614-
A1 OR WO-
2023192925-A2 OR
US-2023310751-A1 OR
WO-2012151025-A1
OR US-11266825-B2
OR CN-113425369-A
OR US-2005085769-A1
OR WO-2020145928-
A1 OR TR-201900192-
A2 OR WO-
2005074520-A2 OR
US-2021260262-A1 OR
TR-201902349-A2) did.

(Artificial Intelligence)
More like doc:
US-20100204712-A1

Text:

(EP-2395929-A2 OR
WO-2010093836-A2
OR WO0-2010093836-
A3 OR EP-2395929-A4
OR CN-112057133-A
OR CN-112057133-B
OR WO0-2023057179-
A1 OR US-7645290-B2
OR US-2006253145-A1
OR US-2021361305-A1
OR US-2018338770-A1
OR AU-2007200632-B2
OR AU-2007200632-A1
OR US-6719718-B2 OR
US-6805684-B2 OR
US-6676627-B1 OR
US-6945951-B1 OR
WO-2016146640-A1
OR US-6764483-B1 OR
AU-2010202027-
A1).did.

(Artificial Intelligence)
More like doc:
US-20150173782-A1

Text:
(WO-2015100178-A1
OR EP-3086835-A1 OR
US-9561345-B2 OR
EP-3086835-B1 OR
US-10569049-B2 OR
EP-4137191-A1 OR
US-10864351-B2 OR
US-10213582-B2 OR

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,

OR

OR

ON

ON

ON

ON

2023/10/25
08:02 PM

2023/10/25
08:03 PM

10/27/2023 07:58:11 PM
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US-2022370767-A1 OR |TH, TN, TR, TW, UA,
US-2022280753-A1 OR |VN); FPRS; EPO;
US-10471233-B2 OR  |JPO; DERWENT;
US-2017274180-A1 OR |IBM_TDB)
US-2023241348-A1 OR
US-2020345981-A1 OR
US-2018133436-A1 OR
US-2021069467-A1 OR
US-2017281204-A1 OR
US-11534575-B2 OR
US-2017368309-A1 OR
US-11318282-B2).did.

L81 30 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:03 PM
US-20170319221-A1 _ |AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(WO-2017192351-A1  |CZ, DD, DE, DK, EA,
OR EP-3451947-A1 OR |EE, EP, ES, FI, FR, GB,
US-10588650-82 OR  |HR, HU, ID, IE, IL, IS,
EP-3451947-B1 OR  |IT, JP, KR, LT, LU, LV,
CN-109069169-B OR  |MA, OA, RU, SU, WO,
US-11534190-B2 OR  |MC, MD, MY, NL, NO,
EP-3692933-A1 OR  |NZ, PH, PL, PT, RO,
EP-3692933-B1 OR  |RS, SE, SG, S|, SK,
CN-113425224-AOR  |TH, TN, TR, TW, UA,
US-2020178990-A1 OR |VN); FPRS; EPO;
CN-109069169-A OR  |JPO; DERWENT;
US-2018125516-A1 OR |IBM_TDB)
US-10828053-B2 OR
CN-110996752-A OR
WO-2017180727-A1
OR CN-110996752-B
OR US-2016089127-A1
OR US-10194893-B2
OR US-2019133564-A1
OR US-10918365-

B2).did.

L82 23 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:03 PM
US-6767353-B1 AT, BE, BG, BR, BY,
Text: CA, CH, CN, CS, CU,
(WO-03074104-A2 OR |CZ, DD, DE, DK, EA,
WO-03074104-A3 OR |EE, EP, ES, FI, FR, GB,
US-2005113853-A1 OR |HR, HU, ID, IE, IL, IS,
US-8747332-B2 OR  |IT, JP, KR, LT, LU, LV,
US-2012010640-A1 OR |MA, OA, RU, SU, WO,
US-8353922-B2 OR  |MC, MD, MY, NL, NO,
US-6824550-B1 OR  |NZ, PH, PL, PT, RO,
US-9113955-B2 OR RS, SE, SG, S, SK,
US-2014171988-A1 OR | TH, TN, TR, TW, UA,
US-2013296906-A1 OR |VN); FPRS; EPO;
US-2005228418-A1 OR |JPO; DERWENT;
US-2013110143-A1 OR |IBM_TDB)
US-8496680-B2 OR
US-8043312-B2 OR
US-2010049169-A1 OR
US-8043314-B2 OR
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US-5120323-A OR US-
2004230213-A1 OR
US-6482215-B1 OR
EP-4034182-B1).did.

L83 26 (Artificial Intelligence) |(US-PGPUB; USPAT; [OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:04 PM
US-8939991-B2 AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
(US-2010036312-A1 CZ,DD, DE, DK, EA,
OR US-2015119896-A1 |EE, EP, ES, FI, FR, GB,
OR US-9855067-B2 OR|HR, HU, ID, IE, IL, IS,
WO-2010002549-A2 IT, JP, KR, LT, LU, LV,
OR EP-2299916-A2 OR |MA, OA, RU, SU, WO,
CA-2726851-A1 OR MC, MD, MY, NL, NO,
EP-2299916-B1 OR NZ, PH, PL, PT, RO,
US-2018092653-A1 OR (RS, SE, SG, SI, SK,
US-10716586-B2 OR  [TH, TN, TR, TW, UA,
CA-2726851-C OR JP- |VN); FPRS; EPO;
5584204-B2 OR JP- JPO; DERWENT;
2011522635-A OR US- |IBM_TDB)
2011264133-A1 OR

US-11648021-B2 OR

CN-113423451-A OR

US-8574170-B2 OR

CN-113423451-B OR

US-2013267934-A1 OR

EP-2647404-B1 OR

US-11266434-B2).did.

L84 33 (Artificial Intelligence) |(US-PGPUB; USPAT; [OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:04 PM
US-5476450-A AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
(WO-9512421-A1 OR  |CZ, DD, DE, DK, EA,
WO-9512421-B1 OR EE, EP, ES, FI, FR, GB,
JP-H11514541-AOR [HR,HU, ID, IE, IL, IS,
WO-9716215-A1 OR IT, JP, KR, LT, LU, LV,
JP-2009172390-A OR |MA, OA, RU, SU, WO,
CA-2231153-A1 OR MC, MD, MY, NL, NO,
US-5624396-A OR US- [NZ, PH, PL, PT, RO,
2021338255-A1 OR JP-|RS, SE, SG, 8lI, 8K,
2021164670-A OR WO-|TH, TN, TR, TW, UA,
2022251678-A1 OR VN); FPRS; EPO;
US-6569146-B1 OR JPO; DERWENT;
WO-0215802-A1 OR IBM_TDB)
US-5782797-A OR AU-

1172795-A OR WO-

2008060396-A2 OR

US-2007287956-A1 OR

US-2007060882-A1 OR

US-2010204712-A1 OR

WO-2010093836-A2

OR EP-2395929-

A2).did.

L85 26 (Artificial Intelligence) |(US-PGPUB; USPAT; [OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:05 PM
US-9351747-B2 AT, BE, BG, BR, BY,

Text: CA,CH,CN, CS, CU,
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(US-2016066931-A1 CZ, DD, DE, DK, EA,
OR EP-3125789-A1 OR|EE, EP, ES, FI, FR, GB,
WO-2016040550-A1 HR, HU, ID, IE, I, IS,
OR US-2016242798-A1 |IT, JP, KR, LT, LU, LV,
OR CA-2955841-C OR |MA, OA, RU, SU, WO,
US-10390849-B2 OR |MC, MD, MY, NL, NO,
EP-3125789-B1 OR NZ, PH, PL, PT, RO,
CA-2955841-A1 OR RS, SE, SG, SI, SK,
ES-2644543-T3 OR TH, TN, TR, TW, UA,
AU-2009266808-A1 OR [VN); FPRS; EPO;
AU-2009266808-B2 OR [JPO; DERWENT;
US-9855067-B2 OR IBM_TDB)
US-8939991-B2 OR

US-2010036312-A1 OR

US-2015119896-A1 OR

US-2018092653-A1 OR

US-10716586-B2 OR

EP-2299916-B1 OR

CA-2726851-A1 OR

CA-2726851-C).did.

L86 29 (Artificial Intelligence) |[(US-PGPUB; USPAT; [(OR ON ON 2023/10/25
More like doc: USOCR; FIT (AU, AP, 08:05 PM
US-6719717-B1 AT, BE, BG, BR, BY,

Text: CA,CH, CN, CS, CU,

(EP-2231256-A1 OR CZ, DD, DE, DK, EA,

WO-2009082513-A1 EE, EP, ES, FI, FR, GB,

OR WO-2009154441- |HR, HU, ID, IE, IL, IS,

A1 OR EP-2309934-A1 [IT, JP, KR, LT, LU, LV,

OR US-2011190806-A1 [MA, OA, RU, SU, WO,

OR EP-2309934-B1 OR |MC, MD, MY, NL, NO,

US-2011301634-A1 OR |[NZ, PH, PL, PT, RO,

US-2011213297-A1 OR |RS, SE, SG, SI, SK,

US-8613717-B2 OR TH, TN, TR, TW, UA,

EP-3311875-A1 OR VN); FPRS; EPO;

US-8734374-B2 OR JP-|JPO; DERWENT;

H0833716-A OR EP- IBM_TDB)

2231256-B1 OR WO-

2012148645-A2 OR

CN-202724337-U OR

US-2014221949-A1 OR

US-2016303297-A1 OR

US-9402938-B2 OR

US-2019175210-A1 OR

US-10383983-B2).did.

L87 4 "20170143359".pn. (US-PGPUB; USPAT; |OR ON ON 2023/10/27

USOCR; FIT (AU, AP, 07:38 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L88 482 (embolism clot).cim. (US-PGPUB; USPAT; |OR ON ON 2023/10/27
AND (tube USOCR; FIT (AU, AP, 07:49 PM
catheter).cim. AND AT, CA, CH, CN, DD,

(suction "neagtive DE, EA, EP, ES, FR,
pressure").clm. AND GB, JP, KR, OA, RU,
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(two second).cim. AND |SU, WO); FPRS; EPO;
first.clm. JPO; DERWENT;
IBM_TDB)

L89 316 AB1F2/01.cpc. AND (US-PGPUB; USPAT; |OR ON ON 2023/10/27
(embolism clot) AND USOCR; FIT (AP, AT, 07:57 PM
(tube catheter) AND AU, CA, CH, CN, DD,

(suction "neagtive DE, EA, EP, ES, FR,

pressure™) AND (two GB, JP, KR, OA, RU,

second) AND first SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L90 139 AB61M1/815.cpc. AND [(US-PGPUB; USPAT; |OR ON ON 2023/10/27
(embolism clot) AND USOCR; FIT (AP, AT, 07:57 PM
(tube catheter) AND AU, CA, CH, CN, DD,

(suction "neagtive DE, EA, EP, ES, FR,
pressure™) AND (two GB, JP, KR, OA, RU,
second) AND first SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N1 747 (embolism clot).cim. (US-PGPUB; USPAT) |OR ON ON 2023/10/27
AND (tube 07:49 PM
catheter).cim. AND
(suction "neagtive
pressure").clm AND
(two).clm.

N2 154 (embolism clot).cim. (US-PGPUB; USPAT) |OR ON ON 2023/10/27
AND (tube 07:49 PM
catheter).cim. AND
(suction "neagtive
pressure").clm. AND
(two second).cim. AND
first.cim.

N3 175 (embolism clot).cim. (US-PGPUB; USPAT) |OR ON ON 2023/10/27
AND (tube 07:50 PM
catheter).cim. AND
(suction "neagtive
pressure™).clm. AND
(two second).cim.

N4 10244525 |(embolism clot).clm. (US-PGPUB; USPAT) |OR ON ON 2023/10/27
AND (tube 07:50 PM
catheter).cim. (two
second).clm.

N5 1460 (embolism clot).cim. (US-PGPUB; USPAT) |OR ON ON 2023/10/27
AND (tube 07:50 PM
catheter).cim. AND (two
second).clm.
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CLOT TREATMENT SYSTEMS WITH DILATOR LOCKING
MECHANISMS, AND ASSOCIATED DEVICES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
63/307,766 filed Februarv 8. 2022, and titled “CLOT TREATMENT SYSTEMS WITH
DILATOR LOCKING MECHANISMS, AND ASSOCIATED DEVICES AND METHODS,”

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present technology generally relates to vascular access svstems, such as clot
treatment systems, including locking mechanisms for releasably locking a dilator 1o a catheter

to facilitate their joint navigation through a patient’s skin, tissue, and vasculature.

BACKGROUND

[0003] Thrombosis is the local coagulation or clotting of the blood in a part of the circulatory
svstern, and a thrombus is a blood clot formed in situ within the vascular system. A venous
thrombus is a blood clot that forms within a vein. A common type of venous thrombosis is a
deep vein thrombosis (DVT), which is the formation of a blood clot within a deep vein (e.g.,
predominantly in the legs). Nonspecific signs of a thrombosis may include pain, swelling,

redness, warmness, and engorged superficial veins.

[0004] If the thrombus breaks off (embolizes) and flows towards the lungs, it can become a
life-threatening pulmonary embolism (PE) (e.g., a blood clot in the Tungs). In addition to the
loss of life that can arise from PE, DVT can cause significant health issues such as post
thrombotic syndrome, which can cause chronic swelling, pressure, pamn, and ulcers due to
valve and vessel damage. Further, DVT can result in significant health-care costs either
directly or indirectly through the treatment of related complications and inability of patients to

work.

[0005] Existing methods for treating DVT and PE often involve treating the DVT or PE with a
catheter system that is advanced through the patient's vasculature. such as along a venous
access path. Such catheter svstems—especially those having a large size (e.g., greater than 16
French)—often include a dilator component that is inserted through a catheter and used to

-1-
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dilate the vasculature while the catheter 1s navigated to a target treatment site. Similarly, such
systems are often used in conjunction with an introducer sheath that acts as a resealable access
point through which the DVT and PE catheter systems can traverse 1o easilv access the
vasculature. The introducer sheath provides a stable tract and prevents excessive manipulation
of devices with the access site, and can be inserted through the skin and tissue tract with a

dilator component interested therein.

[0006] However, during advancement of a catheter through the vasculature, the dilator
component and/or the catheter can experience considerable force or resistance from the
patient's vasculature. Similartv, during insertion of an introducer sheath, the dilator component
and/or the introducer sheath can experience considerable force or resistance from the patient's
skin and tissue. In some instances, the force against the dilator component can cause the dilator
component to retract or backslide within the cathetet/introducer sheath. If the dilator retracts
far enough, the edge of the catheter/introducer sheath can be exposed and may cause damage to

a percutaneous access site or the vasculature of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Many aspects of the present technology can be better understood with reference to the
following drawings. The components in the drawings are not necessarily to scale. Instead,

emphasis is placed on illustrating clearly the principles of the present disclosure.

{0008] Figure 1 is a partially schematic side view of a vascular access system including a cap

assembly and configured in accordance with the present technology.

{0009] Figure 2A-2C are a partially-exploded isomeiric view, a side cross-sectional view. and
an enlarged view, respectively, of the cap assembly of Figure 1 in accordance with

embodiments of the present technology.

{0010] Figures 3A-3C are a perspective view, a cross-sectional view, and a bottom view,
respectively, of a first cap of the cap assembly of Figure 1 in accordance with embodiments of

the present technology.

{0011] Figures 4A-4C are a perspective view, a cross-sectional view. and a bottom view,
respectively, of a second cap of the cap assembly of Figure 1 in accordance with embodiments
of the present technology.

[0012] Figures 5A and 5B are respective bottom views of the cap assembly of Figure 1 in

accordance with embodiments of the present technology.
-
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[0013] Figures 6A-6C are top views of respective second caps in accordance with additional

embodiments of the present technology.

{0014] Figure 7 is a top view of a second cap in accordance with additional embodiments of

the present technology.

{0015] Figure 8 is a perspective view of a cap-locking valve in accordance with embodiments

of the present technology.

DETAILED DESCRIPTION

{0016] The present technology is generally directed to vascular access systems with dilator
locking mechanisms, and associated devices and methods. In some of the embodiments
described in detail below, a dilator locking mechanism includes a first cap coupled to a dilator
and a second cap coupled to a catheter {e g, an aspiration catheter, an introducer/access sheath)
of, for example, a clot treatment system. The first cap can include one or more locking
members, and the second cap can include one or more locking features corresponding to one or
more of the locking members. Each of the locking members (first cap) can be aligned with and
inserted at least partially into the corresponding locking feature (second cap) to, for example,
couple the first cap to the second cap. Because the first cap is coupled to the dilator, the
interaction between the first and second caps when coupled can secure the dilator relative to
the catheter to inhibit or even prevent the dilator from moving proximally and/or distally

relative to the catheter.

{0017] In some embodiments, the locking features are configured to deflect the locking
members o a locked position when the locking members are inserted therein. In these and
other embodiments, the first cap can be rotated relative to the second cap (and/or the second
cap rotated relative to the first cap) lo move the locking members from the locked position (o
an unlocked position to uncouple the dilator locking mechanism and allow the dilator to move

relative to the catheter of the vascular access system.

{0018] Current dilator locking mechanisms may mvolve a direct connection between the
associated dilator and vascular access system. For example, such locking mechanisms may
require that the dilator be fullv advanced through the clot treatment system and then rotated to
secure the dilator. With this style of mechanism, 1t may be difficult for an operator o
distinguish (e.g., visually) between situations where the dilator is (1) fully inserted into and

secured to the clot treaiment system and (1) fully inserted into but not secured to the clot

-3
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treatment system. In contrast to these current mechanisms, the dilator locking mechanisms of
the present technology can be located at or near a proximal end of the clot treatment system,
such that a user of the clot treatment svstem {e.g.. a physician) can easily observe the first and
second caps to determine whether the dilator is secured to the clot treatment system by

observing the relative positions and/or alignment of the first and second caps.

{0019] Certain details are set forth in the following description and in Figures 1-8 to provide a
thorough understanding of various embodiments of the present technology. In other instances,
well-known structures, materials, operations, and/or systems often associated with
intravascular procedures, clot removal procedures, catheters, and the like are not shown or
described in detail in the following disclosure to avotd unnecessarily obscuring the description
of the various embodiments of the technology. Those of ordinary skill in the art will recognize,
however, that the present technology can be practiced without one or more of the details set

forth herein, and/or with other structures, methods, components, and so forth.

{0020] The terminologv used below 1s to be interpreted in its broadest reasonable manner,
even though it is being used in conjunction with a detailed description of certain examples of
embodiments of the technology. Indeed, certain terms may even be emphasized below;
however, anv terminology intended to be interpreted in any restricted manner will be overtly

and specifically defined as such in this Detailed Description section.

{0021] The accompanving Figures depict embodiments of the present technology and are not
intended to be Limiting of its scope unless expressly indicated. The sizes of various depicted
elements are not necessarily drawn to scale, and these various elements may be enlarged to
improve legibility. Component details may be abstracted in the Figures to exclude details such
as position of coraponents and certain precise connections between such components when
such details are unnecessary for a complete understanding of how to make and use the present
technology. Many of the details, dimensions, angles and other features shown in the Figures
are merely illustrative of particular embodiments of the disclosure. Accordingly, other
embodiments can have other details, dimensions. angles and features without departing from
the present technology. In addition, those of ordinary skill in the art will appreciate that further
embodiments of the present technology can be practiced without several of the details

described below.

{0022] With regard to the terms "distal” and "proximal" within this description, unless

otherwise specified, the terms can reference a relative position of the portions of a catheter

-
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subsvstem with reference to an operator and/or a location in the vasculature. Also, as used
herein, the designations "rearward,” "forward," "upward,” "downward." and the like are not
meant to himit the referenced component to a specific orientation. It will be appreciated that
such designations refer to the orientation of the referenced component as illustrated in the
Figures; the systems of the present technology can be used in any orientation suitable to the

USer.

[0023] Figure 1 is a partiallv schematic side view of a vascular access system 100 ("the svstem
100") configured in accordance with embodiments of the present technology. The system 100
can also be referred to as an aspiration assembly. a clot treatment system, a clot removal
system, a thrombectomy system, an introducer sheath assembly, and/or the like. In the
illustrated embodiment. the system 100 includes a tubing assembly 110 fludly coupled to a
catheter 120 via a valve 102. In some embodiments. the catheter 120 is an elongate member
configured to be inserted into and through a patient’s vasculature and used to, for example,
treat clot material therein. In other embodiments, the catheter 120 can be an introducer sheath
configured to be inserted through the skin and tissue tract of the patient to provide an access
site through which other components (e.g., other catheters used to ireat clot material) can
traverse 1o easily access the vasculature. Accordingly, while referred to as "catheter 120." the
catheter 120 can comprise an introducer sheath, an access sheath, and/or another tvpe of
elongate member configured to be inserted through the skin and tissue tract and/or to traverse
the vasculature of a patient. In general, the system 100 (i) can include features generally
similar or identical to those of the clot treatment systems described in detail in U.S. Patent
Application No. 16/536,185, filed August 8, 2019, and titled "SYSTEM FOR TREATING
EMBOLISM AND ASSOCIATED DEVICES AND METHODS," which is incorporated
herein by reference in its entirety, and/or (i1) can be used to treat/remove clot material from a

patient (e.g.. a human patient) using any of the methods described in detail therein.

{0024] In the illustrated embodiment, the catheter 120 includes a proximal region or portion
122 and a distal tip region or portion 124 opposite the proximal region 122. The catheter 120
further defines a lumen 121 (shown in dashed-line in Figure 1) extending entirely therethrough
from the proximal region 122 to the distal tip region 124, The lumen 121 and/or the catheter
120 can at least partially define a longitudinal axis X of the system 100. The proximal region
122 can include a proximal terminus 126 of the catheter 120, and the distal tip region 124 can

include a distal terminus 128 of the catheter 120.
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[0025] The valve 102 is fluidly coupled to the lumen 121 of the catheter 120 and can be
mntegral with or coupled to the proximal region 122 of the catheter 120 such that these
compenents move together. In some embodiments, the valve 102 is a hemostasis valve that is
configured to maintain hemostasis during a clot removal procedure by preventing fluid flow in
a proximal direction P through the valve 102 as various components such as dilators. delivery
sheaths. pull members, guidewires, interventional devices, other aspiration catheters, and so on
are inserted through the valve 102 to be delivered through the catheter 120 o a treatment site
in a blood vessel. In the 1llustrated embodiment, for example, a dilator 130 is inserted through
the valve 102 and positioned within the catheter 120. The valve 102 includes a branch or side
port 106 configured to fluidly couple the lumen 121 of the catheter 120 to the tubing assembly
110. In some embodiments, the valve 102 can be a valve of the type disclosed in U.S. Patent
Application No. 16/117.519, filed August30, 2018, and tiled "HEMOSTASIS VALVES
AND METHODS OF USE," which is incorporated herein by reference in its entirety.

[0026] In the illustrated embodiment, the tubing assembly 110 fluidly couples the catheter 120
to a pressure source 108, such as a syringe. The pressure source 108 can be configured to
generate (e.g.. form, create, charge, build-up) a vacuum (e.g., negative relative pressure) and
store the vacuum for subsequent application to the catheter 120 (e.g., after the dilator 130 has
been removed from the catheter 120). The tubing assembly 110 can include one or more tubing
sections 112 (individually labeled as a first tubing section 112a and a second tubing section
112b), at least one fluid control device 114 (e.g., a valve), and at least one connector 116 (e.g_,
a Toomey tip connector) for fuidly coupling the (ubing assembly 110 to the pressure source
108 and/or other suitable components. In some embodiments, the fluid control device 114 is a
stopcock that is fluidly coupled to (i) the side port 106 of the valve 102 via the first tubing
section 112a and (11) the connector 116 via the second tubing section 112b. The fluid control
device 114 is externally operable by a user to regulate the flow of fluid therethrough and,
specifically, from the lumen 121 of the catheter 120 to the pressure source 108. In some
embodiments, the connector 116 1s a quick-release connector (e.g., a quick disconnect fitting)
that enables rapid coupling/decoupling of the catheter 120 and the fluid control device 114

to/from the pressure source 108.

{0027] In the illustrated embodiment, the dilator 130 is inserted through the valve 102 in a
distal direction D and extends fully through the tumen 121 and past the distal terminus 128 of
the catheter 120, such that a distal tip 132 (e.g., an atrawmatic tip) of the dilator 130 is

positioned bevond the distal terminus 128 of the catheter 120. The dilator 130 and the svstem
G-
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100 can together define a catheter or introducer assembly 101 that can be inserted into a patient
(e.g.. a human patient) during a clot treatment procedure. For example. the dilator 130 and the
systern 100 can be inserted into and advanced together through a blood vessel of the patient to
a targel location in the blood vessel. The dilator 130 can then be retracted proximally (e.g., in
the proximal direction P) through the system 100 to allow for other intravascular medical
devices to be introduced into the patient via the system 100 and/or for aspiration of the catheter
120. For example, in some embodiments the svstem 100 and/or the catheter assembly 101 can
be used in any of the clot removal procedures disclosed in U.S. Patent Application No.
16/536,185, filed August 8, 2019, and titled "SYSTEM FOR TREATING EMBOLISM AND
ASSOCIATED DEVICES AND METHODS." which is incorporated herein by reference in its

entirety .

{0028] The catheter assembly 101 can include a locking mechanism or cap assembly 140
(which can also be referred to as a locking cap assembly, a dilator locking mechanism, a
dilator coupling mechanism, and/or the like) configured to releasably couple and secure the
dilator 130 to the system 100. The cap assembly 140 can lock the dilator 130 to the valve 102
and the catheter 120 to inhibit or even prevent the dilator 130 from moving within the catheter
120 in the proximal direction P and/or the distal direction D when the catheter assembly 101 is
advanced through the vasculature of a patient. More specifically, for example, the cap
assembly 140 can inhibit or even prevent the distal tip 132 of the dilator 130 from moving
proximally toward the distal terminus 128 of the catheter 120 when the catheter assembly 101

is advanced through the vasculature of the patient.

[0029] In the illustrated embodiment, the cap assembly 140 includes (i) a first or proximal cap
150 coupled to or integrally formed with the dilator 130 (via, e.g., a coupling element or luer
connector 134) opposite the distal tip 132 and (i1) a second or distal cap 160 coupled to a
proximal portion 104 of the valve 102. The first cap 150 can be releasably coupled/locked to
the second cap 160. Accordingly, inserting the dilator 130 into the catheter 120 can include
moving the first cap 150 toward the second cap 160. In some embodiments, the first cap 150
can mate with the second cap 160 to lock the dilator 130 to the valve 102 when the dilator 130
is fully seated within the system 100. In some aspects of the present technology, a user can
easily determine the state of the dilator 130 (e.g.. how far the dilator 130 1s inserted into the
catheter 120 and/or whether the dilator 130 is secured to the system 100) by viewing the cap
assembly 140, Additional details regarding the cap assemblies of the present technology,

including the cap assembly 140, are discussed in detail below with reference to Figures 2A-8.
-7
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[0030] During a clot treatment procedure, the catheter assembly 101 can be inserted through
the vasculature of a patient (e.g., through an introducer sheath that traverses the skin and tissue
of the patient to provide an access site) with the cap assembly 140 locking the dilator 130 to
the valve 102 and the catheter 120. When the catheter 120 is positioned at a desired position
relative to clot material (e.g., a pulmonary embolism, deep vein thrombosis) within the patient,
the cap assembly 140 can be unlocked and the dilator 130 withdrawn from the catheter 120.
Then, a user can first close the fluid control device 114 before generating a vacuum in the
pressure source 108 by, for example, withdrawing the plunger of a syringe coupled to the
connector 116, In this manner, a vacuum is charged within the pressure source 108 (e.g. a
negative pressure is maintained) before the pressure source 108 is fluidly connected o the
fumen 121 of the catheter 120, To aspirate the lumen 121 of the catheter 120, the user can open
the fluid control device 114 to fluidlv connect the pressure source 108 to the catheter 120 and
therebv apply or release the vacuum stored in the pressure source 108 to the lumen 121 of the
catheter 120. Opening of the flund control device 114 instantaneously or nearly instantaneously
applies the stored vacuum pressure to the tubing assembly 110 and the catheter 120, thereby
generating a suction pulse throughout the catheter 120 that can aspirate the clot material inlo
the catheter 120. In particular, the suction is applied at the distal tip region 124 of the catheter
120 to suck/aspirate at least a portion of the clot material proximate the distal tip region 124
into the lumen 121 of the catheter 120. In other embodiments, where the catheter 120 is an
introducer sheath, the introducer assembly 101 can be inserted through the skin and tissue of a

patient and partially into a vessel to provide an access point for other medical instruments.

[0031] Figure 2A is a partiallv-exploded isometric view of cap assembly 140 of Figure 1 in
accordance with embodiments of the present technology. In the illustrated embodiment, the
cap assembly 140 is in an unlocked position in which the first cap 150 is not secured to the
second cap 160 such that the dilator 130 is free to move relative to the valve 102 and the
catheter 120 (Figure 1). The first cap 150 can include one or more coupling or locking
members 252 extending (e.g., downwardly, distally, and/or toward the second cap 160) in a
direction parallel or generally parallel to the longitudinal axis X. In the illustrated embodiment,
the first cap 150 includes two of the locking members 252 (one of the locking members 252 is
obscured in Figure 2A) positioned on opposite sides of the first cap 150 (e.g., 180-degrees
apart). The second cap 160 can include one or more coupling or locking features 262 that
extend through the second cap 160 at least partially about the longitudinal axis X. In the
illustrated embodiment. the locking members 252 are projections and the locking features 262

8-
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are corresponding grooves or openings. In other embodiments, the first cap 150 can include
more or fewer of the locking members 252 and/or the second cap 160 can include more or
fewer of the locking features 262. For example, the first cap 150 can include one or more than
two of the locking members 252, and the second cap 160 can include the same number of the
focking features 262. In the illustrated embodiment, the first cap 150 and the second cap 160
have circular shapes. In other embodiments, the first cap 150 and/or the second cap 160 can
have a triangular, square, rectangular, rectilinear, curvilinear, or any other suitable shape. In at
least some embodiments, the first cap 150 and the second cap 160 can have a same shape. In

other embodiments, the first cap and the second cap can have different shapes.

{0032] Each of the locking members 252 can be relatively flexible and configured to undergo
elastic or generally elastic deformations. Additionally, each of the locking features 262 can be
configured (e.g., shaped and sized) to bend or deflect the corresponding locking members 252
inwardly (toward the longitudinal axis X) to facilitate locking/coupling of the first cap 150 to
the second cap 160. In the illustrated embodiment, individual ones of the locking features 262
are configured (e.g., shaped, sized, positioned) to releasably receive a corresponding one of the
locking members 252. In general, to secure (e.g., couple, lock) the first cap 150 to the second
cap 160, the locking members 252 can be al least partially aligned with and inserted into the
corresponding locking features 262. Once inserted, the outward bias of the locking members
252 can cause the locking members 252 to engage the corresponding locking features 262
(and/or another portion of the valve 102) to secure the first cap 150 to the second cap 160. In
some embodiments, aligning the locking members 252 with the corresponding locking features
262 can include rotating the first cap 150 {e.g.. about the longitudinal axis X) relative to the

second cap 160.

{0033] In operation, inserting the dilator 130 into the valve 102 and the catheter 120 includes
moving the first cap 150 toward the second cap 160. While moving the dilator 130 through the
valve 102, the user can rotate the first cap 150 such that individual ones of the locking
members 252 are at least partially aligned with the corresponding ones of the locking features
262. With the locking members 252 and the corresponding locking features 262 in this
orientation, the user can bring the first cap 150 into contact with the second cap 160 to insert
the locking members 252 into the corresponding locking features 262 and secure the first cap

150 to the second cap 160,

9-
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[0034] More specifically, Figure 2B is a side cross-sectional view of the cap assembly 140 of
Figure 2A in accordance with embodiments of the present technology. Figure 2C is an
enlarged view of a region 2C of Figure 2B in accordance with embodiments of the present
technologyv. The cap assembly 140 is in a locked position in Figures 2B and 2C in which the
first cap 150 is secured to the second cap 160 such that the dilator 130 is locked in position
relative to the valve 102 and the catheter 120 (Figure 1). Referring to Figures 2B and 2C
together, each of the locking features 262 of the second cap 160 can include a channel or slot
264 defined at least partially by a first or inner wall 263 and a second or outer wall 265 spaced
radially apart from the inner wall 263. In the locked position shown in Figures 2B and 2C, the
locking members 252 are inserted into the corresponding locking features 262 such that at least
a portion of the locking members 252 are positioned in the slots 264 of the corresponding

locking features 262 between the inner wall 263 and the outer wall 263.

{0035] Referring to Figure 2B, in some embodiments the second cap 160 includes an opening
261 sized, positioned, and/or otherwise configured to allow the dilator 130 to pass through the
second cap 160. The first cap 150 is secured to the dilator 130 and can include an opening 251
configured to receive the dilator 130 and a connected or integral luer connector 134. In the
illustrated embodiment, for example, the opening 251 is at least partially defined by one or
more luer coupling members 253, Each of the luer coupling members 253 can be positioned
radially inward relative to one or more of the locking members 252. Additionally, each of the
luer coupling members 253 can be generally flexible and configured to undergo elastic or
generally elastic deformations. The luer connector 134 can include a first or distal flange 236
and a second or proximal flange 238 opposite and spaced apart from the distal flange 236. The
dilator 130 and the luer connector 134 can be inserted through the opening 251 such that the
distal flange 236 contacts individual ones of the luer coupling members 253 to cause the luer
coupling members 253 to bend or deflect radially outward away {rom the luer connector 134.
Once the distal fange 236 has moved distally past the luer coupling members 253, the luer
coupling members 253 can return to their original (e.g., unbent) configuration, as shown in
Figure 2B. With the luer connector 134 and the luer coupling members 253 in the respective
positions shown in Figure 2B, at least a portion of the first cap 150 (e.g., the luer coupling
members 253) can be positioned between the distal flange 236 and the proximal flange 238 (o
secure the dilator 130 to the first cap 150. In other embodiments, the dilator 130 can be secured

to the first cap 150 in other manners.

-10-
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[0036] Referring to Figure 2C, each of the locking features 262 in the second cap 160 can
further include a first surface 266 (which can also be referred to as a proximal. deflecting,
angled, and/or insertion surface) and a second surface 268 (which can also be referred to as a
distal, retaining, and/or locking surface). The second surface 268 can extend from the outer
wall 265 toward the inner wall 263 in an inward direction perpendicular or generally
perpendicular to the inner and/or outer walls 263, 265. The first surface 266 can extend
upwardly at an incline from the second surface 268 and away from the inner wall 263. 1o, for
example, form an acute inlerior angle with the second surface 268. In other embodiments, the
first and second surfaces 266, 268 can be positioned on the thner wall 263 opposite the outer

wall 263, or have any other suitable configuration.

{0037] Each of the locking members 252 can include a tab 254 Each tab 254 can be positioned
at or near a distal end of the associated locking members 252. In the itlustrated embodiment,
the tab 254 extends outward and/or perpendicularly from the associated locking member 252
(e.g., toward the outer wall 265). In other embodiments, one or more of the tabs 254 can
extend inward from the associated locking member 252 (e.g., toward the inner wall 263), or in
any other suitable direction. The tab 254 can define a stopping or retaining surface 256. When
the first cap 150 1s coupled to the second cap 160, as shown in Figure 2C, the retaining surface
256 is at least partiallv aligned with and/or parallel to the second surface 268. The alignmeant of
the retaining surface 256 with the second surface 268 can prevent, or at least partially prevent,
the first cap 150 from moving (e.g., upwardly and/or proximally) relative to the second cap
160 which, in turn, can couple or "lock" the first cap 150 and the second cap 160 o one
another. In Figure 2C, the retaining surface 256 and the second surface 268 are shown as being
spaced apart for the sake of illustration; those of ordinarv skill in the art will understand that, in
other embodiments, at least part of the retaining surface 236 can contact at least part of the
second surface 268 to prevent. or at least partially prevent. the first cap 150 from moving

relative to the second cap 160.

[0038] Referring to Figures 2A-2C together, to couple the dilator 130 to the valve 102, a user
can position the locking members 252 of the first cap 150 such that the tabs 254 are at least
partially aligned with the slots 264 of the second cap 160 and/or contacting the first surfaces
266 of the corresponding locking features 262. The user can then move the first cap 150
toward the second cap 160 to cause the tabs 254 to translate along the corresponding first
surfaces 266 inwardly in a first direction D1 (Figure 2C; e.g., toward the longitudinal axis X in

Figure 2A). The movement of the tabs 254 in the first direction D1 can cause a corresponding
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bend or deflection in the locking members 252, Continued movement of the first cap 150
toward the second cap 160 can move the tabs 254 past the corresponding first surfaces 266;
once past the first surfaces 266, the locking members 252 can move in a second direction D2
(Figure 2C; e.g.. away from the longitudinal axis X in Figure 2A) opposite the first direction
D1. The movement of the locking members 252 in the second direction D2 can be due at least
partially to the elastic or generally elastic deformation properties of the locking members 252.
As the locking members 252 move in the second direction D2, each of the retaining surfaces
256 can be at least partially aligned with the second surface 268 of the corresponding locking
features 262 to secure the first cap 150 and the second cap 160. That is, the tabs 254 can be
advanced past and snap inward behind the corresponding second surfaces 268, which retain the

tabs 254 and the first cap 150 in the locked position, e.g., as described previously herein.

{0039] Figures 3A-3C are a perspective view, a cross-sectional view, and a bottom view,
respectivelv, of the first cap 150 in accordance with embodiments of the present technology.
Referring to Figures 3A-3C together, the first cap 150 can have a longitudinal axis Y and,
when the first cap 150 is coupled to the valve 102 and the catheter 120 (Figure 1), the
longitudinal axis Y can be the same as (e.g., colinear with) the longitudinal axis X (Figures 1
and 2A). In the illustrated embodiment, the first cap 150 is bilaterally and/or radially
symmetric relative to the longitudinal axis Y. In other embodiments, the first cap 150 can be
configured to have any other symmetry and/or be asymmetrical. Referring to Figure 3B, each
of the locking members 252 can be deflectable at least in the first direction D1 {e.g.. outwardly
and/or away from the longitudinal axis Y). Each of the luer coupling members 253 can be
oppositely deflectable compared to the locking members 252 (e.g.. al least in the second
direction D2). Each of the locking members 252 and/or the luer coupling members 253 can
extend away from an upper surface 357 of the first cap 150 (e.g.. downwardly and/or in a
direction parallel or generally parallel to the longitudinal axis Y). Referring to Figure 3C, each
of the locking members 252 and/or the luer coupling members 253 can be curved or arcuate
and extend at least partially around the longitudinal axis Y. In at least some embodiments, the
curvature of one or more of the locking members 252 and/or the luer coupling members 253 is

concentric with the opening 251.

{0040] Figures 4A-4C are a perspective view, a cross-sectional view, and a bottom view,
respectively, of the second cap 160 of the cap assembly 140 of Figure 1 in accordance with
embodiments of the present technology. Referring to Figures 4A—4C together, the second cap

160 can have a {ongitudinal axis Z and when the second cap 160 is coupled to the valve 102
-12-
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and the catheter 120 (Figure 1), the longitudinal axis Z can be the same as (e.g., colinear with)
the longitudinal axis X (Figures 1 and 2A). Additionally, when the first cap {50 (Figures 1~
3C) is coupled to the second cap 160, the longitudinal axis Z can be the same as (e.g., colinear
with) the longitudinal axis Y (Figures 3A-3C). Each of the locking features 262 and/or onge or
more of the elements thereof (e.g.. the slot 264, the first surface 266, etc.) can be curved or

arcuate and extend at least partially around the longitudinal axis Z.

[0041] Referring to Figures 4A and 4B together, each of the locking features 262 can include
an axial removal surface 470. Each of the axial removal surfaces 470 can be adjacent to the slot
264, oppostite an end wall 469 of the slot 264 and at least partially between the first surface 266
and the inner wall 263. Additionally, each of the axial removal surfaces 470 can be inclined
upwardly (e.g.. along the longitudinal axis Z and/or toward an upper surface 467 of the second
cap 160). Accordingly, when the locking members 252 are positioned in the slots 264, the axial
removal surfaces 470 can drive the locking members 252 axially and/or upwardly there along,

as described in detail below with reference to Figures 5A and 5B.

{0042] Referring to Figure 4C, each of the locking features 262 can further include a radial
removal surface 472. Each of the radial removal surfaces 472 can be positioned at least
partially within the associated slot 264 and extend (e.g.. downwardly. distally) from the
associated second surface 268 {from the perspective shown in Figure 4C, the radial removal
surfaces 472 extend away from the page toward the viewer). Additionally, each of the radial
removal surfaces 472 can be angled relative to the outer wall 265 and/or the inner wall 263. In
the illustrated embodiment, for example, each of the radial removal surfaces 472 extend inward
away from the outer wall 265 and toward the inner wall 263 and/or the longitudinal axis Z.
Accordingly, when the locking members 252 are positioned in the slots 264 and brought info
contact with the radial removal surfaces 472, the radial removal surfaces 472 can drive the
locking members 252 inwardly there along. as described in detail below with reference to

Figures 5A and 5B.

{0043] The slots 264 can have a slot dimension S defined at least partially by the slot end wall
469 and the axial removal surface 470. The slot dimension S can be an angle, an arc length, or
any other suitable dimension. Because the locking members 252 can be inserted along the
length of the slot 264, an increased slot dimension S can reduce the difficulty of aligning the
first cap 150 with the second cap 160. Additionally, or alternatively, the slot dimension § can

at least partially define an amount that the first cap 150 can rotate while at least partially
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coupled to the second cap 160. For example, a relatively high slot dimension (e.g.. a greater arc
length) can correspond to a relatively increased degree of rotation of the first cap 150, and a
relatively low slot dimension can correspond to a relatively decreased degree of rotation of the

first cap 130.

{0044] Figures 5A and 5B are respective bottom views of the cap assembly of Figure 1 in
accordance with embodiments of the present technology. In Figure 5A, the cap assembly 140
is in the locked position with the locking members 252 of the first cap 150 positioned in the
corresponding locking features 262 of the second cap 160 such that the first cap 150 is coupled
to the second cap 160. In Figure 5B, the cap assembly 140 is in the unlocked position in which
the first cap 150 has been rotated in a direction R relative to the second cap 160 and/or about
the longitudinal axes Y and/or Z to uncouple the first cap 150 from the second cap 160. In the
illustrated embodiment, the direction R is a clockwise direction when viewed from the bottom
of the cap assembly 140 (e.g., a counter-clockwise direction when viewed from the top of the
cap assembly 140). In other embodiments, the first cap 150 and/or the second cap 160 can be
configured such that the direction R is a counter-clockwise direction when viewed from the
bottom of the cap assembly 140 (e.g., a clockwise direction when viewed from the top of the

cap assembly 140).

{0045] Referring to Figures SA and 5B together, rotating the first cap 150 in the direction R
(Figure 5B) can move the tabs 254 toward the corresponding radial removal surfaces 472 until
one or more of the tabs 254 at least partially contact the corresponding radial removal surface
472, In response to the rotation in the direction R, the radial removal surfaces 472 can deflect
each of the tabs 254 inward in the direction D1, as shown in Figure 5B. This deflection of the
tabs 254 causes a corresponding inward deflection in the associated locking members 252. In
some aspects of the present technology, the radial removal surfaces 472 at least partially
prevent the first cap 150 from being accidentallv or unintentionally disconnected from the
second cap 160 until a force (e.g., torque) sufficient to deflect the locking members 252 inward

is applied to the first cap 150.

{0046] With the tabs 254 in the position shown in Figure 3B, continued rotation of the first cap
150 in the direction R causes the tabs 254 to contact the corresponding axial removal surfaces
470 (Figures 4A and 4B). Each of the locking members 252 can translate upwardly across the
corresponding axial removal surface 470 and cause the first cap 150 to move away {rom the

second cap 160 in a direction generally along the longitudinal axis Z {e.g., to the unlocked
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position shown in Figure 2A). Continued rotation of the first cap 150 can fully uncouple the
first cap 150 and the second cap 160. However, it will be appreciated that, with the tabs 254
deflected mwardly in the position shown m Figure 5B, the first cap 150 can be moved away
from the second cap 160 without further rotation to decouple the first cap 150 from the second

cap 160.

{0047] Accordingly, in some aspects of the present technology the locking features 262
include (1) the insertion surface 266 for deflecting one or more of the tabs 254 inward during
msertion and/or in response to axial movement, (ii) the radial removal surface 472 for
deflecting the tabs 254 inward (e.g., radially inward) duning removal and/or in response 1o
rotary movement, and (i) the axial removal surface 470 for moving the tabs 254 upward (e.g.,
axially upward) during removal and/or i1 response to rotary movement. The insertion surface
266 can be positioned to align with the corresponding tab 254 when the cap assembly 140 is in
the unlocked position. During insertion, the tab 254 can move toward, contact, and translate
inwardly along the insertion surface 266. The radial removal surface 472 can be positioned
proximate the tab 254 when the cap assembly 140 is in the locked position. During removal,
the tab 254 can move (e.g., rotate) toward, contact, and translate inwardly along the radial
removal surface 472, The cap assembly 140 can transition from the locked position toward the
unlocked position as the tab 254 translates along the radial removal surface 472. Additionally,
the tab 254 can move toward the axial removal surface 470 as it translates along the radial
removal surface 472. The axial removal surface 470 can be angled upwardly, away from the
radial removal surface 472. Accordingly, during removal, the tab 254 can move (e.g., rolate)
toward, contact, and translate upward along the axial removal surface 470. Translating the tab
254 along the axial removal surface 470 can return the cap assembly 140 to the unlocked

position,

{0048] Figures 6A-6C are top views of respective second caps in accordance with additional
embodiments of the present technology. Each of the second caps 660a-c can be generally
similar to the second cap 160 of Figures 1-2C and 4A-3B. However, referring to Figure 64,
the second cap 660a includes a reduced slot dimension S1, such that the second cap 660a does
not allow the first cap (not shown) to rotate while remaining coupled to the second cap 660a
and/or any rotation of the first cap begins the decoupling process described above. Referring to
Figure 6B, the second cap 660b includes an increased slot dimension S2 that allows the first
cap (not shown) to rotate up to 60 degrees relative to the second cap 660b while still remaining

coupled to the second cap 660b and/or before the rotation of the first cap begins the decoupling
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process described above. Referring to Figure 6C, the second cap 660¢ does not include one or
more of inner walls 263 {(Figures 2B, 2C, and 4A~4C), such that the opening 661 and one or

more of the slots 664 are connected or are otherwise not separated by inner walls.

[0049] Figure 7 1s a top view of a second cap 760 configured in accordance with addilional
embodiments of the present technology. At least some aspects of the second cap 760 can be at
least generally similar or identical in structure and/or function to one or more of the second
caps 160, 660a-c described in detail previously herein. In the illustrated embodiment, the
second cap 760 further includes one or more rotationally agnostic locking features 762
("locking features 762"). In the illustrated embodiment, each of the locking features 762
includes an outer wall 765 and two radial removal surlaces 772 positioned e.g., on left and
right sides of the outer wall 765. The second cap 760 can further include axial removal
surfaces 770 positioned on the left and right sides of the locking features 762 and/or aligned
with the radial removal surfaces 772 thereof Accordingly, when a locking member of a first
cap (e.g., the locking members 252 of the first cap 150 of Figure 2A) is received within one of
the locking features 762, the first cap can be rotated in the direction R or opposite the direction
R (e.g., counterclockwise or clockwise) to drive the locking member against one of the radial
removal surfaces 772 and uncouple the first cap and the second cap 760. Continued rotation of
the first cap can translate the locking members of the first cap along the axial removal surfaces
770. This rotationally agnostic configuration of the locking features 762 is expected (o allow
the first cap to be quickly and easily uncoupled from the second cap 760. The locking features
762 can be aligned with and/or positioned distally of a respective first surface 766, and the
tocking members of a first cap {e.g.. the locking members 252 of the first cap 150 of Figure
2A) can contact and be driven radially inward by the first surfaces 766 (o couple with the

locking features 762.

{0050] In some embodiments, the second cap 760 can include one or more support surfaces
774positioned radially inward of one of the first surfaces 766, e.g., between the axial removal
surfaces 770 associated with one of the locking features 762. Each of the support surfaces 774
can be configured to contact at least part of a coupling member of a first cap, e.g., after the first
cap is coupled/locked to the second cap 760. In some embodiments, one or more of the support
surfaces 774 can be curved or concave. Accordingly. when the first cap is coupled to the
second cap 760 and/or the coupling members of the first cap contact the support surfaces 774,

the curvature/concavity of the support surfaces 774 can at least partially prevent rotation of the
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first cap relative to the second cap 760, e.g., in addition to or in lieu of the resistance to rotation

of the first cap provided by the radial removal surfaces 772.

{0051] Figure 8 is a perspective view of a cap-locking valve 880 configured in accordance
with embodiments of the present technology. The cap-locking valve 880 can include a valve
802 and an integrated locking feature 860. The valve 802 can include at least some aspects that
are at least generally similar or identical in structure and/or function to the valve 102 of Figure
1. In at least some embodiments, for example. the valve 802 can be a hemostasis valve that is
configured to maintain hemostasis during a clot removal procedure bv preventing fluid flow in
a proximal direction through the valve 802 as various components such as dilators, delivery
sheaths, pull members, guidewires, interventional devices, other aspiration catheters, and so on

are inserted through the valve 802.

{0052] The integrated locking feature 860 can be formed in the valve at or near a proximal end
of the valve 802 or at another suitable position on/in the valve 802. The integrated locking
feature 860 can include at least some aspects that are at least generally similar or identical in
structure and/or function (o one or more of the second caps 160, 660a-c, 760 described herein.
In the illustrated embodiment, for example, the integrated locking feature 860 includes at least
some features that are at least generally similar in structure and/or function to the second cap
760 of Figure 7. In other embodiments, the integrated locking feature 860 can have another
suitable configuration. In these and other embodiments, the integrated locking feature 860 can
be directly integrated into the valve 802 rather than being included in a separate cap or other

component releasably couplable to the valve 802.

[0053] Several agpects of the present technology are set forth in the following examples:

L. A cap assembly for a catheter, the cap assembly comprising:

a first cap including a locking member, wherein the locking member includes an end
portion and a tab positioned proximate the end portion; and

a second cap including a locking feature, wherein the locking feature includes a slot
extending at least partially through the second cap. and wherein—
the first cap is configured to be secured to the second cap in a locked position,
in the locked position, the locking feature is configured to receive the locking

member through the slot such that the tab engages a portion of the
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second cap to inhibit movement of the first cap relative to the second
cap, and

the first cap is configured lo rotate relative to the second cap to move the tab out
of engagement with the second cap to move the first cap from the locked

position to an unlocked position.

2. The cap assembly of example 1 wherein the first cap includes an upper surface.
and wherein the locking member extends from the upper surface in a direction generally
perpendicular to the upper surface, and wherein the end portion of the locking member is

opposite the upper surface.

3. The cap assembly of example 1 or example 2 wherein the tab extends

perpendicularly from the locking member.

4. The cap assembly of anv one of examples 1-3 wherein the tab defines a
retaming surface positioned to contact at least a portion of the second cap when the first cap is

coupled to the second cap.

s The cap assembly of any one of examples 1-4 wherein the locking member is
flexible, and wherein the second cap is configured to bend the locking member when the first

cap moves between the unlocked position and the locked position.

6. The cap assembly of any one of examples 1-5 wherein the locking feature
includes a locking surface positioned to at least partially contact the tab of the locking member

when the first cap is coupled to the second cap.

7. The cap assembly of any one of examples 1-6 wherein the locking feature
includes an angled insertion surface positioned to engage and deflect the locking member when

the first cap moves from the unlocked position toward the locked position.

8 The cap assembly of example 7 wherein the cap assembly mncludes a
longitudinal axis, and where the insertion surface is angled to bend the locking member inward
toward the longitudinal axis.

18-

-483-



WO 2023/154612 PCT/US2023/060927

9. The cap assembly of anv one of examples 1-8 wherein the locking feature
includes a radial removal surface, and wherein the radial removal surface is angled to deflect

the tab inward when the first cap is rotated relative to the second cap.

10.  The cap assembly of any one of examples 1-9 wherein the locking feature
includes an axial removal surface positioned proximate the slot and angled to move the first

cap away from the second cap when the first cap is rotated relative to the second cap.

11.  The cap assembly of any one of examples 1-10 wherein:
the first cap includes an upper surface, and the locking member extends from the upper
surface in a direction perpendicular to the upper surface;
the locking member is flexible and configured to deflect when the first cap moves
between the unlocked position and the locked position;
the tab defines a retaining surface positioned to contact at least a portion of the second
cap in the locked position; and
the locking feature includes——
a locking surface positioned to at least partially contact the retaining surface of
the tab in the locked position,
an insertion surface positioned (o be at least partially aligned with the locking
member and angled to deflect the locking member inward when the first
cap moves [rom the unlocked position toward the locked position,
aradial removal surface positioned proximate the tab of the locking member in
the locked position, wherein the radial removal surface is angled to
move the tab radially inward when the first cap moves from the locked
position toward the unlocked position, and
an axial removal surface positioned proximate the slot and angled to move the
first cap longitudinally away from the second cap when the first cap

maoves from the locked positioned toward the unlocked position.

12. The cap assembly of any one of examples 1-11 wherein the locking member is
a first locking member, wherein the locking feature is a [irst locking feature, wherein the first
cap includes one or more second locking members, wherein the second cap includes one or

more second locking features, and wherein individual ones of the second locking members are

-19-

-484-



WO 2023/154612 PCT/US2023/060927

configured to receive and secure corresponding ones of the second locking members in the

locked position.

13, The cap assembly of any one of examples 1-12 wherein the locking feature is
configured to be rotationally agnostic such that rotation of the first cap relative to the second
cap in a first direction and a second direction opposite the first direction moves the tab out of
engagement with the second cap to move the first cap from the locked position to an unlocked

position.

14. A vascular access system, comprising:
a valve having a proximal end and a distal end;
a catheter defining a lumen and coupled to the distal end of the valve, the catheter
defining a longitudinal axis of the vascular access system;
a dilator configured to extend at least partially through the valve and the lumen; and
a cap assembly movable between a locked configuration and an unlocked
configuration, wherein the cap assembly includes (i) a valve cap connected to
the proximal end of the valve and including a coupling feature, and (i) a dilator
cap coupled to the dilator and including a coupling tab insertable into the
coupling {eature, wherein—
in the locked configuration, the coupling feature is configured to receive the
coupling tab such that the coupling tab engages a portion of the valve
cap to inhibit movement of the dilator relative to the valve along the
longitudinal axis, and
the dilator cap is configured to rotate relative to the valve cap to move the
coupling tab out of engagement with the valve cap to move the cap
assembly  from the locked configuration toward the unlocked

configuration.
15. The vascular access svstem of example 14 wherein the coupling tab s flexible,
wherein the coupling feature is configured to deflect the coupling tab toward the longitudinal

axis when the cap assembly moves from the unlocked configuration toward the locked

configuration.
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16.  The vascular access system of example 14 or example 15 wherein the dilator
cap includes a coupling member extending in a direction generally parallel to the dilator and
having a distal end, and wherein the coupling tab is positioned proximate the distal end of the

coupling member.

17.  The vascular access system of any one of examples 1416 wherein valve cap
has a valve cap longitudinal axis, and wherein the coupling feature is curved circumferentially

at least partially about the valve cap longitudinal axis.

18.  The vascular access system of any one of examples 14-17 wherein the coupling
feature includes a coupling surface positioned to at least partially contact the coupling tab of

the dilator cap when the cap assembly is in the locked configuration.

19.  The vascular access system of example 18 wherein the coupling feature
includes an insertion surface positioned to engage and deflect the coupling tab toward the
longitudinal axis when the cap assembly moves from the unlocked configuration toward the

locked configuration.

20.  The vascular access system of example 19 wherein the insertion surface is

positioned proximally from the coupling surface.

21, The vascular access system of example 19 or example 20 wherein the insertion

surface forms an acute interior angle relative to the coupling surface.

22, The vascular access system of any one of examples 14-21 wherein the coupling
feature includes a radial removal surface configured to move the coupling tab radially inward
toward the longitudinal axis when the cap assembly moves from the locked configuration

toward the unlocked configuration.

23.  The vascular access system of any one of examples 14-22 wherein the coupling
feature includes (i) a slot configured to receive the coupling tab, and (i) an axial removal
surface positioned proximate the slot and angled to move the dilator cap away from the valve
cap along the longitudinal axis when the dilator cap is rotated relative to the valve cap.
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24, The vascular access svstem of any of examples 14-22 wherein the coupling
feature includes an outer wall and a pair of radial removal surfaces positioned on left and right
sides of the outer wall, and wherein—

in the locked configuration, the coupling tab is positioned between the pair of radial

removal surfaces, and

rotation of the dilator cap in a left or right direction relative to the valve cap moves the

cap assembly from the locked configuration toward the unlocked configuration.

25, The vascular access system of any one ol examples 14-24 wherein the valve cap

is integrally formed with proximal end of the valve.

26.  The vascular access system of any one of examples 14-24 wherein the valve cap

is releasably coupled to the proximal end of the valve.

27. A method of using a vascular access system, the method comprising:

aligning a first cap of the vascular access svstem with a second cap of the vascular
access system, wherein the first cap is coupled to a dilator of the vascular access
svstem, wherein the second cap is coupled to a catheter of the vascular access
system, and wherein aligning the first cap with the second cap includes aligning
at a locking member of the first cap with a locking feature of the second cap;
and

coupling the first cap to the second cap to inhibit the dilator {rom moving relative to the
catheter of the vascular access system, wherein coupling the first cap to the
second cap includes inserting the locking member into the locking feature such
that the locking feature drives the locking member past a locking surface of the
locking feature, and wherein the locking surface is configured to engage the
locking member (o inhibit longitudinal movement of the first cap relative to the

second cap.
28.  The method of example 27 wherein coupling the first cap to the second cap

further includes positioning the dilator at least partially within the catheter.
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29.  The method of example 27 or example 28 wherein coupling the first cap to the

second cap further includes inserting the dilator fully through the catheter.

30.  The method of any one of examples 27-29 wherein aligning the locking
member of the first cap with the locking feature of the second cap includes aligning a tab of the

locking member with an insertion surface of the locking feature.

31, The method of example 30 wherein moving the first cap toward the second cap
includes (1) positioning the tab of the locking member to contact the insertion surface of the

locking feature and (it) translating the tab across the insertion surface to deflect the tab.

32. The method of any one of examples 27-3 1, further comprising rotating the first
cap relative to the second cap to uncouple the first cap from the second cap after coupling the

first cap to the second cap.

33.  The method of example 32 wherein rotating the first cap includes translating at
least a portion of the locking member across a radial removal surface of the locking feature,
wherein the radial removal surface is angled to deflect the locking member when the first cap

is rotated relative to the second cap.

34, The method of example 32 or example 33 wherein rotating the first cap includes

moving the first cap longitudinally away from the second cap.

35.  The method of example 34 wherein moving the first cap away from the second
cap includes translating the locking member across an axial removal surface of the locking
feature, wherein the axial removal surface is angled to move the first cap away from the second

cap as the locking member translates across the axial removal surface.

36.  The method of any one of examples 32-35 wherein rotating the first cap relative
to the second cap to uncouple the first cap from the second cap includes rotating the first cap in
a first direction or a second direction opposite the first direction to uncouple the first cap from

the second cap.
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[0054] The above detailed descriptions of embodiments of the technology are not tended to
be exhaustive or to limit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustrative
purposes, various equivalent modifications are possible within the scope of the technology as
those skilled in the relevant art will recognize. For example, although steps are presented in a
given order, altemative embodiments may perform steps in a different order. The various

embodiments described herein mav also be combined to provide further embodiments.

{0055] From the foregoing, it will be appreciated that specific embodiments of the technology
have been described herein for purposes of illustration, but well-known stractures and
functions have not been shown or described in detail to avoid unnecessarily obscuring the
description of the embodiments of the technology. Where the context permits, smgular or

plural terms may also inctude the plural or singular term, respectively.

{0056] Moreover, unless the word "or" 1s expressly limited to mean only a single item
exclusive from the other items in reference to a list of two or more items, then the use of "or"
in such a list is to be interpreted as including (a) any single item in the list, (b) all of the items
in the list, or (¢) any combination of the items in the list. Additionally, the term "comprising” is
used throughout to mean including at least the recited feature(s) such that any greater number
of the same feature and/or additional types of other features are not precluded. It will also be
appreciated that specific embodiments have been described herein for purposes of illustration,
but that various modifications may be made without deviating from the technology. Further,
while advantages associated with some embodiments of the technology have been described in
the context of those embodiments, other embodiments may also exhibit such advantages, and
not all embodiments need necessarily exhibit such advantages to fall within the scope of the
technology. Accordingly, the disclosure and associated technology can encompass other

embodiments not expressty shown or described herein.
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CLAIMS

We claim:

l. A cap assembly for a catheter, the cap assembly comprising:
a first cap including a locking member, wherein the locking member includes an end
portion and a tab positioned proximate the end portion; and
a second cap including a locking feature, wherein the locking feature includes a slot
extending at least partially through the second cap. and wherein—
the first cap is configured to be secured to the second cap in a locked position,
in the locked position, the locking feature is configured to receive the locking
member through the slot such that the tab engages a portion of the
second cap to inhibit movement of the first cap relative to the second
cap, and
the first cap is configured to rotate relative to the second cap to move the tab out
of engagement with the second cap to move the first cap from the locked

position to an unlocked position.

2. The cap assembly of claim | wherein the first cap includes an upper surface,
and wherein the locking member extends from the upper surface in a direction generally
perpendicular to the upper surface, and wheremn the end portion of the locking member is

opposite the upper surface,

3. The cap assembly of claim 1 wherein the tab extends perpendicularly from the

locking member.

4. The cap assembly of claim 1 wherein the tab defines a retaining surface
positioned Lo contact at least a portion of the second cap when the first cap is coupled to the

second cap.

5. The cap assembly of claim 1 wherein the locking member is flexible, and
wherein the second cap is configured to bend the locking member when the first cap moves
between the unlocked position and the locked position.
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6. The cap assembly of claim 1 wherein the locking feature includes a locking
surface positioned to at least parfially contact the tab of the locking member when the first cap

is coupled to the second cap.

7. The cap assembly of claim 1 wherein the focking feature includes an angled
insertion surface positioned to engage and deflect the locking member when the first cap

moves from the unlocked position toward the locked position.

8 The cap assembly of claim 7 wherein the cap assembly includes a longitudinal
axis, and where the insertion surface is angled to bend the locking member inward toward the

longitudinal axis.

9. The cap assembly of claim 1 wherein the locking feature includes a radial
removal surface, and wherein the radial removal surface is angled to deflect the tab inward

when the first cap is rotated relative to the second cap.

10.  The cap assembly of claim | wherein the locking feature includes an axial
removal surface positioned proximate the slot and angled to move the first cap away from the

second cap when the first cap is rotated relative to the second cap.

11, The cap assembly of ¢laim 1 wherein:
the first cap includes an upper surface, and the locking member extends from the upper
surface in a direction perpendicular to the upper surface;
the locking member is flexible and configured to deflect when the first cap moves
between the unlocked position and the Tocked position;
the tab defines a retaining surface positioned to contact at least a portion of the second
cap in the locked position; and
the locking feature includes—
a locking surface positioned to at least partially contact the retaining surface of
the tab in the locked position,
an insertion surface positioned to be at least partially aligned with the locking
member and angled to deflect the locking member inward when the first

cap moves from the unlocked position toward the locked position,

26-
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a radial removal surface positioned proximate the tab of the locking member in
the locked position, wherein the radial removal surface is angled to
move the tab radially mward when the first cap moves from the locked
position toward the unlocked position, and

an axial removal surface positioned proximate the slot and angled to move the
first cap longitudinally awav from the second cap when the first cap

moves from the locked positioned toward the unlocked position.

12 The cap assembly of claim 1 wherein the locking member is a first locking
member, wherein the locking feature is a first locking feature, wherein the first cap includes
one or more second locking members. wherein the second cap includes one or more second
locking features, and wherein individual ones of the second locking members are configured to

receive and secure corresponding ones of the second locking members in the locked position.

13, The cap assembly of claim 1 wherein the locking feature is configured to be
rotationally agnostic such that rotation of the first cap relative to the second cap in a first
direction and a second direction opposite the first direction moves the tab out of engagement

with the second cap to move the first cap from the locked position to an unlocked position.

14, A vascular access system, comprising;
a valve having a proximal end and a distal end;
a catheter defining a lumen and coupled to the distal end of the valve, the catheter
defining a longitudinal axis of the vascular access system;
a dilator configured to extend at least partially through the valve and the lumen; and
a cap assembly movable between a locked configuration and an unlocked
configuration, wherein the cap assembly includes (i) a valve cap connected to
the proximal end of the valve and including a coupling feature, and (it} a dilator
cap coupled to the dilator and including a coupling tab insertable into the
coupling feature, wherein—
in the locked configuration, the coupling feature is configured to receive the
coupling tab such that the coupling tab engages a portion of the valve
cap to inhibit movement of the dilator relative to the valve along the

longitudinal axis, and
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the dilator cap is configured to rotate relative to the valve cap to move the
coupling tab out of engagement with the valve cap to move the cap
assembly from the locked configuration toward the wunlocked

configuration.

15.  The vascular access system of claim 14 wherein the coupling tab is flexible.
wherein the coupling feature is configured to deflect the coupling tab toward the longitudinal
axis when the cap assembly moves from the unlocked configuration toward the locked

configuration.

16. The vascular access system of claim 14 wherein the dilator cap includes a
coupling member extending in a direction generally parallel to the dilator and having a distal
end, and wherein the coupling tab is positioned proximate the distal end of the coupling

member.

17.  The vascular access system of claim 14 wherein valve cap has a valve cap
longitudinal axis, and wherein the coupling feature is curved circumferentially at least partially

about the valve cap longitadinal axis.

18. The vascular access system of claim 14 wherein the coupling {eature includes a
coupling surface positioned to at least partially contact the coupling tab of the dilator cap when

the cap assembly is in the locked configuration.

19, The vascular access system of claim 18 wherein the coupling feature includes
an insertion surface positioned {o engage and deflect the coupling tab toward the longitudinal
axis when the cap assembly moves from the unlocked configuration toward the locked

configuration.

20.  The vascular access system of claim 19 wherein the insertion surface is

positioned proximally from the coupling surface.
21.  The vascular access system of claim 19 wherein the insertion surface forms an

acute interior angle relative to the coupling surface.
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22, The vascular access system of claim 14 wherein the coupling feature includes a
radial removal surface configured to move the coupling tab radially inward toward the
longitudinal axis when the cap assembly moves {rom the locked configuration toward the

unlocked configuration.

23.  The vascular access system of claim 14 wherein the coupling feature includes
(1) a slot configured to receive the coupling tab. and (ii) an axial removal surface positioned
proximate the slot and angled to move the dilator cap awayv from the valve cap along the

longitudinal axis when the dilator cap is rotated relative to the valve cap.

24, The vascular access system of claim 14 wherein the coupling feature includes
an outer wall and a pair of radial removal surfaces positioned on left and right sides of the
outer wall, and wherein—

in the locked configuration, the coupling tab is positioned between the pair of radial

removal surfaces, and

rotation of the dilator cap in a left or right direction relative to the valve cap moves the

cap assembly from the locked configuration toward the unlocked configuration.

25.  The vascular access system of claim 14 wherein the valve cap is integrally

formed with proximal end of the valve.

26.  The vascular access svstem of claim 14 wherein the valve cap is releasably

coupled to the proximal end of the valve.

27. A method of using a vascular access system, the method comprising:

aligning a first cap of the vascular access svstem with a second cap of the vascular
access system, wherein the first cap is coupled to a dilator of the vascular access
system, wherein the second cap is coupled to a catheter of the vascular access
system, and wherein aligning the first cap with the second cap includes aligning
at a locking member of the first cap with a locking feature of the second cap;
and

coupling the first cap to the second cap to inhibit the dilator from moving relative Lo the

catheter of the vascular access system, wherein coupling the first cap to the

229.
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second cap includes inserting the locking member into the locking feature such
that the locking feature drives the locking member past a locking surface of the
locking feature, and wherein the locking surface is configured to engage the
locking member to inhibit longitudinal movement of the first cap relative to the

second cap.

28.  The method of claim 27 wherein coupling the first cap to the second cap further

includes positioning the dilator at least partially within the catheter.

29.  The method of claim 27 wherein couphing the first cap to the second cap further

includes inserting the dilator fully through the catheter.

30. The method of claim 27 wherein aligning the locking member of the first cap
with the locking feature of the second cap includes aligning a tab of the locking member with

an insertion surface of the locking feature.

31.  The method of claim 30 wherein moving the first cap toward the second cap
includes (1) positioning the tab of the locking member to contact the insertion surface of the

locking feature and {ii) translating the tab across the insertion surface to deflect the tab.

32, The method of claim 27, further comprising rotating the first cap relative 1o the
second cap to uncouple the first cap from the second cap after coupling the first cap to the

second cap.

33.  The method of claim 32 wherein rotating the first cap includes translating at
least a portion of the locking member across a radial removal surface of the locking feature,
wherein the radial removal surface is angled to deflect the locking member when the first cap
is rotated relative to the second cap.

34, The method of claim 32 wherein rotating the first cap includes moving the first

cap longitudinally away from the second cap.

-30-
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35.  The method of claim 34 wherein moving the first cap away from the second cap
includes translating the locking member across an axial removal surface of the locking feature,
wherein the axial removal surface is angled to move the first cap away from the second cap as

the locking member translates across the axial removal surface.

36.  The method of claim 32 wherein rotating the first cap relative to the second cap
to uncouple the first cap from the second cap includes rotating the first cap in a first direction

or asecond direction opposite the first direction to uncouple the first cap from the second cap.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application Serial No. 62/111,481, filed February
4, 2015, and U.S. Provisional Application Serial No.
62/142,637, filed April 3, 2015.

[0002] This application is also related to the following
U.S. Patent Applications: (1) US Patent Application Serial
Number 14/576,953, filed December 19, 2014; and (2)
US Patent Application Serial Number 14/569,365, filed
December 12, 2014; (3) US Patent Application Serial
Number 14/537,316, filed November 10, 2014; (4) US
Patent Application Serial Number 14/221,917, filed
March 21, 2014.

BACKGROUND

[0003] The present disclosure relates generally to
medical methods and devices for the treatment of acute
ischemic stroke. More particularly, the presentdisclosure
relates to methods and systems for navigating complex
anatomy to perform rapid and safe aspiration and remov-
al of cerebral occlusions.

[0004] Acute ischemic stroke is the sudden blockage
of adequate blood flow to a section of the brain, usually
caused by thrombus or other emboli lodging or forming
in one of the blood vessels supplying the brain. If this
blockage is not quickly resolved, the ischemia may lead
to permanent neurologic deficit or death. The timeframe
for effective treatment of stroke is within 3 hours for in-
travenous (IV) thrombolytic therapy and 6 hours for site-
directed intra-arterial thrombolytic therapy or up to 8
hours for interventional recanalization of a blocked cer-
ebral artery. Re-perfusing the ischemic brain after this
time period has no overall benefit to the patient, and may
in fact cause harm due to the increased risk of intracranial
hemorrhage from fibrinolytic use. Even within this time
period, there is strong evidence that the shorter the time
period between onset of symptoms and treatment, the
better the results. Unfortunately, the ability to recognize
symptoms, deliver patients to stroke treatment sites, and
finally to treat these patients within this timeframe is rare.
Despite treatment advances, stroke remains the third
leading cause of death and the leading cause of serious,
long-term disability in the United States.

[0005] Endovascular treatment of acute stroke is com-
prised of either the intra-arterial administration of throm-
bolytic drugs such as recombinant tissue plasminogen
activator (rtPA), mechanical removal of the blockage, or
a combination of the two. As mentioned above, these
interventional treatments must occur within hours of the
onset of symptoms. Both intra-arterial (1A) thrombolytic
therapy and interventional thrombectomy involve ac-
cessing the blocked cerebral artery via endovascular
techniques and devices.

[0006] Like IV thrombolytic therapy, IA thrombolytic
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therapy alone has the limitation in that it may take several
hours of infusion to effectively dissolve the clot. Interven-
tional thrombectomy therapies have involved capturing
and removing the clot using snares, coils or temporary
stents (alsoknown as retrievable stent devices), and suc-
tioning the clot with or without adjunct disruption of the
clot. Retrievable stent devices are also utilized to restore
flow quickly to the vessel during the intervention. Hybrid
procedures are also utilized, combining retrievable stent
devices and aspiration via the guide catheter or via in-
termediate catheters to aid in the removal of the clot and
reduce the risk of distal emboli. Finally, balloons or stents
have been used to create a patent lumen through the clot
when clot removal or dissolution was not possible.
[0007] To access the cerebral anatomy, guide cathe-
ters or guide sheaths are used to guide interventional
devices to the target anatomy from an arterial access
site, typically the femoral artery. Balloon guide catheters
are often used to enable proximal carotid artery occlusion
during periods of the procedure which may potentially
liberate a high level of emboli. The proximal occlusion
has the effect of arresting forward flow and increasing
aspiration efficiency through the lumen of the guide cath-
eter. The length of the guide is determined by the distance
between the access site and the desired location of the
guide distal tip. Interventional devices such as
guidewires, microcatheters, and intermediate catheters
used for sub-selective guides and aspiration, are inserted
through the guide and advanced to the target site. Often,
devices are used in a co-axial fashion, namely, a
guidewire inside a microcatheter inside an intermediate
catheter is advanced as an assembly to the target site in
a stepwise fashion with the inner, most atraumatic ele-
ments, advancing distally first and providing support for
advancement of the outer elements. The length of each
element of the coaxial assemblage takes into account
the length of the guide, the length of proximal connectors
on the catheters, and the length needed to extend from
the distal end. Thus, for example, the working length of
an intermediate catheter is typically 20-40 cm longer than
the working length of a guide, and the working length of
a microcatheter is typically 10-30 cm longer than the
working length of the intermediate catheter. The
guidewire is typically longer than the microcatheter by
another 20-50 cm.

[0008] Some exemplary issues with current technolo-
gy include the time required or even the ability to access
the site of the occlusion, the time required to restore flow
or the inability to fully, or even partially, restore flow to
the vessel, the occurrence of distal emboli during the
procedure, which has potentially negative neurologic ef-
fect and procedural complications such as perforation
and intracerebral hemorrhage. There is a need for a sys-
tem of devices and methods that enable rapid access,
optimized aspiration of the clot, distal protection through-
out all stages of the procedure, which potentially liberate
emboli, and safe and rapid exchange of devices as need-
ed to fully restore flow to the blocked cerebral vessel.
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SUMMARY

[0009] Inone aspect, there is disclosed an intravascu-
lar access system for facilitation of intraluminal medical
procedures within the neurovasculature through an ac-
cess sheath. The system includes an aspiration or sup-
port catheter having a flexible, distal luminal portion hav-
ing an inner diameter defining a lumen extending be-
tween a proximal opening at a proximal end of the luminal
portion and a distal opening at a distal end of the luminal
portion. The catheter has a rigid spine coupled to at least
the proximal end of the luminal portion and extending
proximally therefrom. The system includes a dilator hav-
ing a flexible, distal dilator portion sized to be received
within the lumen of the luminal portion; and arigid, dilator
spine extending proximally from the dilator portion.
[0010] The dilator spine can align side-by-side with the
spine of the catheter. The distal dilator portion can have
a tapered distal tip. The dilator can have a length atleast
as long as a length of the catheter such that a distal tip
of the dilator protrudes from the distal opening of the Iu-
minal portion. The dilator can be generally tubular along
at least a portion of the length. A proximal end of the
catheter spine can include a gripping feature configured
for a user to grasp in order to move the catheter through
an access sheath. A proximal end of the dilator spine can
include a tab configured to be locked with the gripping
feature on the catheter spine. When the catheter and the
dilator are in a locked configurationthey can be advanced
as a single unit through the access sheath. The gripping
feature and the dilator tab can be removably coupled
such thatin alocked configuration the dilator tab engages
the gripping feature and in an unlocked configuration the
dilator tab disengages from the gripping feature. The di-
lator tab can be affixed to the dilator or can be slideable
on the dilator to accommodate different relative positions
between the dilator and the catheter. The distal dilator
portion can include one or more detents on an outer sur-
face configured to lock with correspondingly-shaped sur-
face features on an inner surface of the luminal portion
lumen through which the dilator portion extends. The di-
lator spine and the catheter spine can have a similar stiff-
ness and kink-resistance. The dilator can have a visual
marker on a distal end and/or a proximal end of the distal
tip. A distal end region of the dilator can be more flexible
and increasingly stiffen towards a proximal end region of
the dilator. The catheter spine and dilator spine can be
configured to cause bi-directional sliding movement of
the luminal portion through a lumen of an access sheath
and navigate the luminal portion into a cerebral vessel
to reach a treatment site.

[0011] In an interrelated aspect, disclosed is an intra-
vascular access system for facilitation of intraluminal
medical procedures within the neurovasculature having
an access sheath and an aspiration or support catheter.
The access sheath has a sheath body having an inner
diameter defining a lumen between a proximal end and
a distal end of the sheath body. The sheath body has at
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least one opening from the lumen near a distal end region
of the sheath body. The aspiration or support catheter
includes a flexible, distal luminal portion having an outer
diameter sized for insertion through the lumen of the ac-
cess sheath, an inner diameter defining a lumen extend-
ing between a proximal opening at a proximal end of the
luminal portion and a distal opening at a distal end of the
luminal portion, and a length between the proximal open-
ingand the distal opening. The aspiration or support cath-
eterincludes arigid spine coupled to atleast the proximal
end of the luminal portion and extending proximally there-
from. The rigid spine is configured to cause bi-directional
sliding movement of the luminal portion through the lu-
men of the access sheath and out the atleast one opening
to navigate the luminal portion into a cerebral vessel to
reach a treatment site. A portion of the outer diameter of
the luminal portion fluidly seals with the inner diameter
of the access sheath when the distal end of the luminal
portion extends into the cerebral vessel toreach the treat-
ment site.

[0012] The luminal portion and the sheath body can be
concentrically aligned and the lumen of the luminal por-
tion and the lumen of the sheath body form a contiguous
aspiration lumen from the distal end of the luminal portion
to the proximal end of the sheath body. The contiguous
aspiration lumen can be used to aspirate fluid and debris
from the distal opening of the luminal portion. The con-
tiguous aspiration lumen can be to deliver materials
through the distal opening of the luminal portion. The
contiguous aspiration lumen can form a step-up in diam-
eter where the lumen of the luminal portion empties into
the lumen of the sheath bady. The lumen of the luminal
portion can be shorter than the lumen of the sheath body.
The luminal portion and the sheath body can form an
overlap region when the luminal portion extends distally
beyond the at least one opening of the sheath body. The
outer diameter of the luminal portion can approach the
inner diameter of the lumen of the sheath body such that
a seal is formed by the overlap region. The seal can be
configured to enable sealing against a vacuum of up to
25 inHg, or up to 28 inHg. The seal within the overlap
region can be configured to enable sealing against a
pressure of up to 300 mmHg or up to 600 or up to 700
mmHg. The seal can be located distal a proximal end of
the luminal portion and proximal to the at least one open-
ing of the sheath body.

[0013] The system can further include a sealing ele-
ment positioned on an external surface of the luminal
portion. The sealing element can include a stepped up
diameter or protruding feature in the overlap region. The
sealing element can include one or more external ridge
features. The one or more ridge features can be com-
pressible when the luminal portion is inserted into the
lumen of the sheath body. The sealing element can in-
clude one or more inclined surfaces biased against an
inner surface of the sheath body lumen. The sealing el-
ement can include one or more expandable members
actuated to seal. The sheath body can have an outer
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diameter suitable for insertion into the carotid artery. The
outer diameter of the sheath body can be between 5Fr
and 7Fr.

[0014] The sheath body can have a length between
the proximal end and the distal end suitable for locating
the distal end of the sheath body at the petrous portion
of an internal carotid artery from a transfemoral ap-
proach. The length of the sheath body can be between
80 cm and 105 cm. The length of the luminal portion can
be between 10 cm and 25 cm. The length of the luminal
portion can be less than alength of the sheath body such
that as the catheter is retracted into the sheath body a
seal remains between an overlap region of the luminal
portion and the inner diameter of the sheath body.
[0015] The spine can be longer than an entire length
of the sheath body. The luminal portion can include three
or more layers including an inner lubricious liner, a rein-
forcementlayer, and an outerjacketlayer. The outerjack-
etlayer can be composed of discreet sections of polymer
with different durometers, compositions, and/or thick-
nesses to vary the flexibility along the length of the distal
luminal portion. The outer diameter of the distal luminal
portion can be sized for navigation into cerebral arteries.
The inner diameter of the distal luminal portion can be
between 0.040" and 0.088". The outer diameter of the
luminal portion can approach the inner diameter of the
sheath body creating a sealed area at an overlap region
while still allowing the catheter to move through the
sheath body. The catheter can be tapered towards the
distal opening such that a distal-most end of the luminal
portion has a smaller outer diameter compared to a more
proximal region of the luminal portion near where the
luminal portion seals with the sheath body. The distal end
region of the sheath body can include an occlusion ele-
ment. The distal end region of the sheath body can in-
clude an expanding distal tip. The at least one opening
from the lumen can include a side opening located a dis-
tance away from a distal tip of the sheath body. The distal
tip of the sheath body further can include a ramp feature
configured to direct at an angulation the catheter away
from a longitudinal axis of the sheath body lumen out
through the at least one opening.

[0016] The spine can be longer than an entire length
of the sheath body. The spine can be a wire having an
outer dimension from 0.014" to 0.018". The spine can be
a hypotube having a guide-wire passageway extending
therethrough. The spine can be a ribbon having an outer
dimension from 0.010" to 0.025" thick. The ribbon can
be curved along at least a portion of an arc. The spine
can be configured to rotate the luminal portion around a
longitudinal axis of the access sheath. The spine can be
eccentrically coupled to the luminal portion and the spine
extend proximally from the luminal portion to outside the
proximal end of the sheath body. The proximal end of
the luminal portion can have an angled cut. The angled
cut can be generally planar or curved. The sheath body
can have one or more visual markers on the distal end
region of the sheath body. The distal luminal portion can
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have one or more visual markers at a distal end region
of the luminal portion, a proximal end region of the luminal
portion or both. The one or more visual markers on the
sheath body and the one or more visual markers on the
luminal portion can be visually distinct. The spine can
have one or more visual markers. The one or more visual
markers of the spine can indicate overlap between the
distal luminal portion and the sheath body. The one or
more visual markers of the spine can be positioned so
that when the visual marker of the spine is aligned with
a portion of the access sheath, the catheter is positioned
at a distal-most position with minimal overlap length
needed to create a seal between the catheter and the
sheath body.

[0017] The system can further include a dilator having
aflexible, distal dilator portion having a distal tip and sized
to be received within the luminal portion of the catheter.
The dilator can be a tubular element along at least a
portion of its length. The dilator can be a solid rod formed
of malleable material configured to be shaped by a user.
The dilator can further include a rigid, dilator spine ex-
tending proximally from the dilator portion. The dilator
spine can be coaxial and can have a lumen extending
through it. The dilator spine can be eccentric. When in
use, the dilator spine can align side-by-side with the spine
of the catheter. The distal tip of the dilator can be tapered.
The dilator can have a length at least as long as a length
of the catheter such that the distal tip protrudes from the
distal opening of the luminal portion. A proximal end of
the spine can include a gripping feature configured for a
user to grasp in order to move the catheter through the
access sheath. A proximal end of the dilator spine can
include a tab configured to be locked with the gripping
feature on the catheter spine. When the catheter and
dilator arein alocked configuration they can be advanced
as a single unit through the sheath body. The gripping
feature and the dilator tab can be removably coupled
such thatin alocked configuration the dilator tab engages
the gripping feature and in an unlocked configuration the
dilator tab disengages from the gripping feature. The di-
lator tab can be affixed to the dilator and/or can be slide-
able on the dilator to accommodate different relative po-
sitions between the dilator and the catheter.

[0018] The distal dilator portion can include one or
more detents on an outer surface configured to lock with
correspondingly-shaped surface features on an inner
surface of the luminal portion lumen through which the
dilator portion extends. The dilator spine and the catheter
spine can have a similar stiffness and kink-resistance.
The dilator can have a visual marker on a distal end
and/or a proximal end of the distal tip. A distal end region
ofthe dilator can be more flexible and increasingly stiffens
towards the proximal end region of the dilator.

[0019] The access sheath can further include a con-
nector that connects the proximal end of the sheath body
to a proximalhemostasis valve. The proximal hemostasis
valve can have an adjustable opening sized large enough
to allow removal of the catheter without dislodging any
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clots thereon. When in use with the access sheath, the
rigid spine of the catheter can extend proximally from the
luminal portion through the access sheath lumen and out
the proximal hemostasis valve of the access sheath. The
connector can provide a connection of the proximal end
of the sheath body to an aspiration line. The connector
can have a large bore inner lumen and connects to a
large-bore aspiration line. The aspirationline can connect
to an aspiration source. The aspiration source can be an
active aspiration source. The aspiration line can connect
to a forward drip or flush line. The access sheath can
further include a proximal extension portion such that
when the distal luminal portion of the catheter is with-
drawn from the sheath body lumen it remains within the
proximal extension portion. The inner diameter of the lu-
minal portion can be sized to permit placement of an in-
terventional device through the luminal portion.

[0020] Other features and advantages should be ap-
parent from the following description of various imple-
mentations, which illustrate, by way of example, the prin-
ciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1 is an exploded view of a system of devices
for accessing and removing a cerebral occlusion to
treat acute ischemic stroke from a femoral artery ac-
cess site;

FIG. 2A shows components of the system of FIG. 1
in position in a patient from the transfemoral ap-
proach to treat the occlusion;

FIG. 2B is a detailed view of a portion of the system
of FIG. 2A taken along circle BB,;

FIG. 3 shows components of the system of FIG. 1
being used via a transcarotid access site;

FIG. 4 shows an implementation of an access
sheath;

FIG. 5 shows an implementation of a proximal por-
tion of the access sheath of FIG. 4 provided as a
separate, removable component;

FIG. 6 shows an implementation of a connector to
minimize flow resistance through the access sheath
of FIG. 4 into the proximal portion;

FIG. 7 shows an implementation of an access sheath
having an occlusion balloon;

FIGs. 8A-8B show implementations of sealing ele-
ments between the access sheath body and luminal
portion of a catheter extending therethrough;
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FIG. 9 shows an implementation of a microcatheter
and retrievable stent device positioned through a
spined catheter;

FIGs. 10A-10C show implementations of expanda-
ble portions on retrievable stent devices;

FIG. 11 shows an implementation of an aspiration
system for use with the systems described herein;

FIG. 12A shows an implementation of a spined cath-
eter system for use with the systems described here-
in;

FIG. 12B shows the spined catheter system of FIG.
12A having a spined dilator extending through a lu-
men of a spined catheter;

FIG. 12C shows the spined catheter system of FIG.
12A extended through a side opening of an imple-
mentation of an access sheath;

FIG. 13 is a cross-sectional view taken about line A-
A of FIG. 12B;

FIG. 14 is a cross-sectional view taken about line B-
B of FIG. 12B;

FIG. 15A shows an implementation of a spined as-
piration catheter-dilator system having a spined
catheter and a spined dilator in a locked configura-
tion;

FIG. 15B shows the spined aspiration catheter-dila-
torsystem having the spined catheter and the spined
dilator in an unlocked configuration;

FIG. 16 shows an implementation of a spined cath-
eter system extending distally to an access sheath
to treat an embolus in a cerebral vessel.

DETAILED DESCRIPTION

[0022] One of the major drawbacks to current acute
stroke intervention procedures is the amount of time re-
quired to restore blood perfusion to the brain. This time
includes the time it takes to access the occlusive site or
sites in the cerebral artery, and the time it takes to com-
pletely remove the occlusion in the artery. Because it is
often the case that more than one attempt must be made
to completely remove the occlusion, reducing the number
of attempts as well as reducing the time required to ex-
change devices for additional attempts is an important
factor in minimizing the overall time. Additionally, each
attempt is associated with potential procedural risk due
to device advancement in the delicate cerebral vascula-
ture.

[0023] Disclosed herein are methods and devices that
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enable safe and rapid access to the complex neurovas-
cular anatomies of the cerebral and intracranial arteries
and removal of the occlusion. The methods and devices
include one or more access devices, catheters, and
thrombectomy devices to remove the occlusion. Methods
and devices are also disclosed to provide active aspira-
tion and/or passive flow reversal for the purpose of facil-
itating removal of the occlusion as well as minimizing
distal emboli. The system offers the user a degree of flow
control so as to address the specific hemodynamic re-
quirements of the cerebral vasculature. The systems de-
scribed herein provide superior ease of use in that a sin-
gle operator may operate the disclosed systems using
single-point continuous aspiration for rapid and safe ex-
change without switching. The higher efficiency of aspi-
ration force through the systems described herein reduc-
es distal embolic debris and increases the rate of "one-
pass" thrombectomy.

[0024] It should be appreciated that while some em-
bodiments are described with specific regard to aspirat-
ing a neurovascular anatomy, the embodiments are not
so limited and may also be applicable to other uses. For
example, the spined aspiration catheter and one or more
components of the access systems described herein may
be used to deliver working devices to a target vessel of
a coronary anatomy, or other vasculature anatomy. It
should be appreciated that where the phrase "aspiration
catheter" is used herein that such a catheter may be used
for other purposes besides or in addition to aspiration,
such as the delivery of fluids to a treatment site or as a
support catheter providing a conduit that facilitates and
guides the delivery or exchange of other devices such
as a guidewire or interventional devices. Alternatively,
the access systems need not be limited only to the vas-
culature can be useful for access of other parts of the
body outside the vasculature. It should also be appreci-
ated that reference throughout this specification to a par-
ticular feature, structure, configuration, characteristic or
implementation or embaodiment may be combined in any
suitable manner. The use of relative terms throughout
the description may denote a relative position or direc-
tion. For example, "distal" may indicate a first direction
away from a reference point. Similarly, "proximal” may
indicate a location in a second direction opposite to the
first direction. However, such terms are provided to es-
tablish relative frames of reference, and are not intended
to limit the use or orientation of an anchoring delivery
system to a specific configuration described in the vari-
ous embodiments below.

[0025] FIG. 1 shows a system of devices for accessing
and removing a cerebral occlusion to treat acute ischemic
stroke from a femoral artery access site. The system 100
includes an access sheath 220, sheath dilator 250,
guidewire 270, one or more spined aspiration or support
catheters 320, dilator 340, microcatheter 400, and a re-
trievable stentdevice 500, each of which will be described
in more detail below. Further, the system 100 can include
one or more arterial access sheath system 200 that in-
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cludes an access sheath 220, one or more sheath dilators
250 and a sheath guidewire 270. The system 100 can
include one or more spined catheter systems 300 includ-
ing a spined aspiration or support catheter 320, atapered
dilator 340, and alternatively a catheter clearing tool 350.
The spine catheter system 300 can incorporate nested
spined catheters to provide for extended reach into distal
sites. The system 100 can include an access sheath sys-
tem 200, a tapered catheter system 300, a microcatheter
400, and a retrievable stent device 500.

[0026] FIG. 2A shows some elements of the system in
position in the patient from the transfemoral approach to
treat the occlusion. The access sheath 220 can be in-
serted through a femoral artery insertion site positioned
with the distal tip of the access sheath 220 at or near the
petrous portion of the internal carotid artery ICA. The
spined aspiration catheter 320 can be positioned with the
distal tip at the face of the occlusion in the artery. In some
implementations, the access sheath 220 can be inserted
through a direct puncture in the wall of the common ca-
rotid artery and advanced into the internal carotid artery
rather than via a transfemoral approach (see FIG. 3).
[0027] As seen more clearly in detailed FIG. 2B, the
access sheath 220 can have a sheath body 222 and an
inner lumen 223 extending between a proximal end and
a distal end region of the sheath body 222. The spined
aspiration catheter 320 is sized to extend through the
inner lumen 223 of the access sheath 220 such that a
distal end region of the catheter 320 extends beyond a
distal end region of the access sheath 220. The catheter
320 is shown in FIG. 2B exiting the lumen 223 of the
sheath body 222 through a distal opening 221. It should
be appreciated, however, that the sheath body 222 may
have one or more side openings near a distal end region
of the body 222 through which the catheter 320 can ex-
tend (see FIG. 12C) as will be described in more detail
below.

[0028] Still with respect to FIG. 2B, the spined aspira-
tion catheter 320 can include a relatively flexible, distal
luminal portion 322 coupled to a stiff and kink-resistant
proximal spine 330. The distal luminal portion 322 can
have an inner lumen 323 extending between a proximal
end and a distal end of the luminal portion 322. The lumen
323 of the catheter 320 can have a first inner diameter
and the lumen 223 of the access sheath 220 can have a
second, larger inner diameter. The lumens 223, 323 are
fluidly connected and contiguous such that fluid flow into
and/or out of the system is possible, such as by applying
suction from an aspiration source coupled to the system
viaaconnector 226 on the access sheath 220. Anoverlap
region 120 between the distal section of the sheath body
222 and the luminal portion 322 of the catheter 320 is
sized and configured to create a seal that enables a con-
tinuous aspiration lumen from the distal tip region of the
spined catheter 320 to the proximal sheath connector
226. If the sheath body 222 has a side opening through
which the distal luminal portion 322 of the catheter 320
extends, the seal created at the overlap region 120 be-
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tween the sheath body 222 and the luminal portion 322
is located proximal to the side opening.

[0029] Key dimensions that affect aspiration force
through a tube include radius (r), pressure (P), viscosity
(n) and length (L) where Flow = Q = nr4(AP)/8nL. Chang-
es in radius increase flow to the 4th power and length is
inversely proportional to flow. As willbe described in more
detail below, the aspiration catheter has an over-the-wire
portion that is a fraction of the overall distance required
to reach the target site. This configuration greatly speeds
up the time required to retract and re-advance the cath-
eter. Further, the systems described herein can provide
for a markedly increased radius and luminal area for as-
piration of the clot and markedly shorter length, particu-
larly compared to prior systems where the aspiration lu-
men runs along the entire inner diameter of the aspiration
catheter. In the systems described herein, the majority
of the aspiration lumen has a radius of the procedural
sheath. The catheter 320 is smaller in diameter than the
guide, but steps up in luminal diameter upon reaching
the lumen of the access sheath 220 allowing for a greater
aspiration force to be applied to a majority of the length
of the luminal system. Further, the overall length of this
narrow diameter region of the catheter 320 is much short-
er compared to the overall length of the access sheath.
The proximal spine 330 of the catheter 320 has a length
and structure that extends through the lumen 223 of the
access sheath 220 to a proximal end of the system such
that it can be used to advance and retract the catheter
320 through the lumen 223 of the sheath 220. The spine
330 of the aspiration catheter 320, however, takes up
only a fraction of the luminal space the system resulting
in increased luminal area for aspiration. Increased lumi-
nal area for aspiration increases the time it takes to as-
pirate the occlusion and increases the possibility of re-
moving the occlusion in a single aspiration attempt. The
stepped up luminal diameter also increases the annular
area available for forward flushing of contrast, saline, or
other solutions while devices such as microcatheters or
tapered dilators are coaxially positioned in the spined
catheter 320 and access sheath 220. This can increase
the ease and ability to perform angiograms during device
navigation.

[0030] Current stroke interventions pose arisk of distal
emboli being released. During the effort to remove or
dissolve clot blockages in the cerebral artery, for exam-
ple, there is a significant risk of thrombus fragmentation
creating embolic particles that can migrate downstream
into either the occluded vessel or other vessels and com-
promise cerebral perfusion. In carotid artery stenting pro-
cedures (CAS), embolic protection devices and systems
are commonly used to reduce the risk of embolic material
from entering the cerebral vasculature. The types of de-
vices include intravascular distal filters, and reverse flow
or static flow systems. Unfortunately, because of the del-
icate anatomy and access challenges as well as the need
for rapid intervention, these types of embolic protection
systems are notused in interventional treatment of acute
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ischemic stroke. The period of a stroke intervention when
flow is restored is normally considered an important time
as the brain is now being perfused by blood. However,
itis also a period of embolic risk. While there is blockage
in the artery, there is no flow. Therefore any embolic de-
bris created by crossing the occlusion with guidewire
and/or microcatheter, or deployment of aretrievable stent
device across the occlusion, remains stagnant. However,
when flow is restored to the artery, the emboli can now
flow antegrade to distal vascular territories.

[0031] A second period of embolic risk occurs when
the retrievable stent device is being pulled back into the
guide or catheter. In prior methods and devices, aspira-
tion is applied to the intermediate catheter during retriev-
able stent device retraction into the catheter, or the cath-
eter and retrievable stent device are pulled back together
into the guide, while simultaneously applying aspiration
to the guide catheter. Two points of aspiration, through
the catheter and through the guide, may both be utilized
to reduce risk of distal emboli during the critical step of
drawing the occlusion through the guide and out of the
patient. Often, two people are required to enable two
points of aspiration, or aspiration is performed sequen-
tially from first the catheter and then the guide, which
may lead to interruption in aspiration or sub-optimal as-
piration. In the disclosed systems and methods, reverse
flow may be applied to the target site during device ad-
vancement, at the critical time of flow restoration, and
during the entire time that the occlusionis being removed,
with a single point of aspiration.

[0032] In an aspect of the disclosure, the level of as-
piration may be modified from a low level to achieve ad-
equate protection from distal emboli, to a higher level to
provide effective aspiration removal of the occlusion. This
aspect allows distal protection without high levels of
blood loss, yet allows a strong aspiration force as needed
to remove the occlusion.

[0633] Inanother aspect, there are disclosed methods
and devices for additionally providing active aspiration
or passive retrograde flow during the procedure to re-
move thrombus and to minimize distal emboli. The sys-
tem offers the user a degree of blood flow control so as
to address the specific hemodynamic requirements of
the cerebral vasculature. The system may include a flow
controller, which allows the user to control the timing and
mode of aspiration.

[0034] Inanother aspect, there are disclosed methods
and devices for additionally providing flushing steps to
minimize emboli entrapment in the system and increased
visibility of particulates in the system during use.

[0035] The following descriptions provide detailed im-
plementations and benefits of each aspect of the dis-
closed invention.

[0036] Referring again to FIG. 1 illustrating an imple-
mentation of an access sheath 220. The sheath 220 can
include a sheath body 222 that is the insertable portion
of the sheath 220 (i.e. the portion that inserts into the
patient), a proximal connector 226, an aspiration line 230,
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a proximal hemostasis valve 234 and a flush line 236.
The sheath 220 may also include a proximal extension
portion 240, and may also include a valve on the con-
nector 226 to fluidly isolate the sheath body 222 from the
proximal portion 240 of the access sheath 220. The ac-
cess sheath 220 may come in a kit with one or more
dilators 250, and a sheath guidewire 270.

[0037] The diameter of the sheath body 222 is suitable
for insertion into the carotid artery, with an inner lumen
223 that is suitably sized for providing a passageway for
catheters to treat the occlusion. In an implementation,
the sheath body 222 can have an inner diameter of about
0.074" and an outer diameter of about 0.090", corre-
sponding to a 5 French sheath size, an inner diameter
of about 0.087" and an outer diameter of about 0.104",
corresponding to a 6 French sheath size, or an inner di-
ameter of about 0.100" and an outer diameter of about
0.177", corresponding to a 7 French sheath size. The
length of the sheath body 222 is configured to enable the
distal tip of the sheath body 222 to be positioned as far
distal as the petrous portion of the internal carotid artery.
In an implementation, the sheath body 222 length is suit-
able for a transfemoral approach, in the range 80 to 90
cm or up to about 100 cm or up to about 105 cm. In an
implementation, the sheath body 222 length is suitable
for a transcarotid approach to the petrous ICA, in the
range 20to 25 cm. In an implementation, the sheath body
222 length is suitable for a transcarotid approach to the
CCA or proximal ICA, in the range 10-15 cm. The sheath
body 222 is configured to assume and navigate the bends
of the vasculature and be subject to high aspiration forces
without kinking, collapsing, or causing vascular trauma.
[0038] The sheath body 222 can be constructed in two
or more layers. An inner liner can be constructed from a
low friction polymer such as PTFE (polytetrafluoroethyl-
ene) or FEP (fluorinated ethylene propylene) to provide
asmooth surface for the advancement of devices through
the inner lumen. An outer jacket material can provide
mechanical integrity to the inner liner and may be con-
structed from materials such as PEBAX, thermoplastic
polyurethane, polyethylene, nylon, or the like. A third lay-
er can be incorporated that can provide reinforcement
between the inner liner and the outer jacket. The rein-
forcement layer can prevent flattening or kinking of the
inner lumen of the sheath body 222 to allow unimpeded
device navigation through bends in the vasculature as
well as aspiration or reverse flow. The sheath body 222
can be circumferentially reinforced. The reinforcement
layer can be made from metal such as stainless steel,
Nitinol, Nitinol braid, helical ribbon, helical wire, cut stain-
less steel, or the like, or stiff polymer such as PEEK. The
reinforcement layer can be a structure such as a coil or
braid, or tubing that has been laser-cut or machine-cut
so as to be flexible. In another implementation, the rein-
forcement layer can be a cut hypotube such as a Nitinol
hypotube or cut rigid polymer, or the like.

[0039] The flexibility of the sheath body 222 can vary
overitslength, withincreasing flexibility towards the distal

-514-

10

15

20

25

30

35

40

45

50

55

portion of the sheath body 222. The variability in flexibility
may be achieved in various ways. For example, the outer
jacket may change in durometer and/or material at vari-
ous sections. A lower durometer outer jacket material
can be used in a distal section of the sheath compared
to other sections of the sheath. Alternately, the wall thick-
ness of the jacket material may be reduced, and/or the
density of the reinforcement layer may be varied to in-
crease the flexibility. For example, the pitch of the coil or
braid may be stretched out, or the cut pattern in the tubing
may be varied to be more flexible. Alternately, the rein-
forcement structure or the materials may change over
the length of the sheath body 222. In an implementation,
the distal-most section has a flexural stiffness (E*]) in the
range 50 to 300 N-mm2 and the remaining portion of the
sheath body 222 has a flexural stiffness in the range 500
to 1500 N-mm2 , where E is the elastic modulus and | is
the area moment of inertia of the device. In another im-
plementation, there is a transition section between the
distal-most flexible section and the proximal section, with
one or mare sections of varying flexibilities between the
distal-most section and the remainder of the sheath body
222. In this implementation, the distal-most section is
about 2 cm to about 5 cm, the transition section is about
2 cm to about 10 cm and the proximal section takes up
the remainder of the sheath length.

[0040] The tip of the sheath body 222 may include one
or more distal radiopaque markers 224 (see FIG. 1). In
an implementation, the radiopaque tip marker 224 is a
metal band, for example platinum iridium alloy, embed-
ded near the distal end of the sheath body 222. Alter-
nately, the access sheath tip material may be a separate
radiopague material, for example a barium polymer or
tungsten polymer blend. The distal region of the sheath
body 222 is also the area of the overlap region 120 that
allows a seal between the catheter 320 and the sheath
body 222, creating a continuous aspiration lumen. Thus,
the outer diameter of the luminal portion 322 of the as-
piration catheter 320 approaches the inner diameter of
the distal region of the sheath body 222 lumen 223 such
that a seal is formed. The relative location of the seal
formed may vary depending on where the aspiration
catheter 320 exits the lumen 223 of the sheath body 222
and the location of the openings from the sheath body
222, as described in more detail below. For example, if
the sheath body 222 has an opening at the distal tip the
location of the seal may be closer to the distal end of the
sheath body 222 compared to if the sheath body 222 has
one or more side openings in the distal end region of the
sheath body 222 through which the catheter 320 exits
the lumen 223.

[0041] Referring again to FIG. 1, the access sheath
220 also can include a connector 226 that connects a
proximal end of the sheath body 222 to the proximal he-
mostasis valve 234, and also provides a connection to
the aspiration line 230. This connector 226 can have a
large bore inner lumen, and connects to a large-bore as-
piration line 230. In an implementation, the inner lumen
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of the connector 226 is at least .080". In an implementa-
tion, the inner lumen of the aspiration line 230 is at
least .080". The aspiration line 230 can terminate in a
stopcock, female Luer connector, or other connector 232
that allows connection to an aspiration source. In an im-
plementation, the aspiration source is an active aspira-
tion source such as a syringe or a pump. In anather im-
plementation, the aspiration source is a reverse flow
shunt line such as that described in US Patent Number
8,157,760 and US Patent Publication Number
2010/0217276, which are both incorporated by refer-
ence. The large bore aspiration line 230 can be construct-
ed toberesistant to collapse. Forexample, the aspiration
line 230 can be a thick-walled polymer tubing or a rein-
forced polymer tubing. The aspiration line valve 232 en-
ables the line 230 to be opened or closed. In one imple-
mentation, the valve 232 also allows connection of one
or more additional fluid lines, for connecting a forward
drip or a flush line for contrast or saline injections. As an
example, the valve 232 may be a stopcock manifold com-
monly used in interventional procedures to allow multiple
connections. The connector 226 may also include means
to secure the access sheath 220 to the patient to reduce
the risk of sheath dislodgement during the case. For ex-
ample, the connector 226 may include one ormore suture
eyelets 233.

[0042] With reference still to FIG. 1, the proximal end
of the access sheath 220 can terminate in a proximal
hemostasis valve 234. This valve 234 allows the intro-
duction of devices through the sheath 220 into the vas-
culature, while preventing or minimizing blood loss and
preventing air introduction into the access sheath 220.
The hemostasis valve 234 can include a flush line 236
or a connection to a flush line 236 so that the sheath 220
can be flushed with saline or radiopaque contrast during
the procedure as desired. The flush line 236 can also be
used as a second point of aspiration during portions of
the procedure as described more fully below. The he-
mostasis valve 234 can be a static seal-type passive
valve, or an adjustable-opening valve such as a Tuohy-
Borst valve or rotating hemostasis valve (RHV). The he-
mostasis valve 234 can be integral to the access sheath
220, orthe access sheath 220 can terminate on the prox-
imal end in a female Luer adaptor to which a separate
hemostasis valve 234 component, such as a passive seal
valve, a Tuohy-Borst valve or rotating hemostasis valve
may be attached. In an implementation, the valve 234
has an adjustable opening that is open large enough to
allow removal of devices that have adherent clot on the
tip without causing the clot to dislodge at the valve 234
during removal. Alternately, the valve 234 is removable
and is removed when the catheter tip is being removed
from the sheath 220 to prevent clot dislodgement at the
valve 234.

[0043] Referring again to FIG. 1, the arterial sheath
system 200 can include one or more sheath dilators 250
and a sheath guidewire 270. The sheath guidewire 270
can be inserted first into the artery using standard vas-
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cular access techniques such as a micropuncture tech-
nique or Modified Seldinger technique. The sheath dilator
250 allows for smooth insertion of the access sheath 220
through a puncture site in the arterial wall. The dilator
250 can be inserted into the access sheath 220 and then
the two components can be inserted together over the
sheath guidewire 270 into the artery The distal end 256
of the dilator 250 can be generally tapered to allow the
dilator 250 to dilate the needle puncture site as it is being
inserted through the arterial wall into the artery. The ta-
pered distal end 256 can be generally between 6 and 12
degrees total included angle (relative to a longitudinal
axis of the dilator), with a radiused leading edge.
[0044] An inner lumen of the dilator 250 can accom-
modate the sheath guidewire 270, and can have an inner
diameter of between .037" to .041" to correspond to a
sheath guidewire 270 of between .035" to .038". Alter-
nately, the inner lumen of the dilator 250 can be
between .020" to .022" to accommodate a sheath
guidewire 270 of between .014" to .018". Alternately, the
dilator 250 can be a two part dilator with an inner dilator
and an outer dilator. The outer dilator can have an inner
diameter of between .037" to .041", and the inner dilator
can have an inner diameter of between .020" to .022". In
use, the sheath 220 can be inserted into the artery with
the outer dilator with a sheath guidewire 270
between .035" and .038". The sheath guidewire 270 may
then be removed and replaced with the inner dilator and
a smaller guidewire of between .014" and .018", and the
access sheath 220 can then be advanced further distally
to the desired site in the carotid artery.

[0045] To insert the arterial sheath 220 initially over
the sheath guidewire 270 into the artery, the dilator taper
256 can have a certain stiffness and taper angle to pro-
vide the adequate dilating force on the arterial puncture
site. However, to safely reach the petrous portion of the
ICA, it may be desirable to have a sheath dilator 250 with
a softer and/or longer taper at a distal end than that used
for initial arterial access. In an implementation, the ac-
cess sheath system 200 can include two or more tapered
dilators. The first tapered dilator can be used with the
arterial access device to gain entry into the artery, and
isthus sized and constructed in a manner similar to stand-
ard introducer sheath dilators. Example materials that
may be used for the tapered dilator include, for example,
high density polyethylene, 72D PEBAX, 90D PEBAX, or
equivalent stiffness and lubricity material. A second ta-
pered dilator may be supplied with a softer distal section
or a distal section that has a lower bending stiffness rel-
ative tothe distal section of the first tapered dilator, and/or
a longer taper length. That is, the second dilator has a
distal region that is softer, more flexible, or articulates or
bends more easily than a corresponding distal region of
the first dilator. The distal region of the second dilator
thus bends more easily than the corresponding distal re-
gion of the first dilator. In an implementation, the distal
section of the first dilator has a bending stiffness in the
range of 50 to 100 N-mm2 and the distal section of the
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second dilator has a bending stiffness in the range of 5
to 15 N-mmz2. The second dilator (which has a distal sec-
tion with a lower bending stiffness) may be exchanged
with the initial, first dilator such that the access sheath
220 may be advanced into the internal carotid artery and
around curvature in the artery without undue force or trau-
ma on the vessel due to the softer distal section of the
second dilator.

[0046] Thedistal section ofthe soft, second dilator may
be, for example, 35 or 40D PEBAX, with a proximal por-
tion made of, for example 72D PEBAX. An intermediate
mid portion or portions may be included on the second
dilator to provide a smooth transition between the soft
distal section and the stiffer proximal section. In an im-
plementation, both dilators have an inner diameter of
between .037" to .041". In an alternate implementation,
the first dilator has an inner diameter of
between .037" to .041" and the second dilator has an in-
ner diameter of between .020" to .022". In yet another
implementation, the second dilator is a two part dilator
with an inner dilator and an outer dilator, as described
above. In an implementation, one or both dilators may
have radiopaqgue tip markers 224 so that the dilator tip
position is visible on fluoroscopy. In one variation, the
radiopague marker 224 is a section of tungsten loaded
PEBAX or polyurethane that is heat welded to the distal
tip of the dilator. Other radiopaque materials may simi-
larly be used to create a radiopaque marker 224 at the
distal tip.

[0047] In an implementation, the access sheath 220
includes a proximal extension 240 that extends between
the connector 226 and the proximal hemostasis valve
234. In the transcarotid configuration of the system, it
may be desirable to move the proximal hemostasis valve
234 away from the distal tip of the access sheath 220,
effectively elongating or lengthening the proximal portion
of the access sheath that is outside the body while main-
taining the length of the insertable sheath body portion
222. This allows the user to insert devices into the prox-
imal hemostasis valve 234 of the access sheath 220 from
a point further away from the target site and therefore
away from the x-ray source and/orimage intensifier used
to image the target site fluoroscopically, thereby minimiz-
ing radiation exposure of the user's hands and also his
or her entire body. In this implementation, the proximal
extension 240 can be in the range between 10 and 25
cm, or between 15 and 20 cm. In either the transcarotid
or transfemoral configuration, it may also be desirable to
provide a section of the access sheath 220 that is fluidly
connected to the access sheath aspiration line, but which
may extend proximally from the aspiration line connec-
tion. This will allow users to pull devices out of the flow
of blood from the sheath tip to the aspiration line, without
completely removing the device from the access sheath
220.

[0048] In an alternate implementation, it may also be
desirable to intermittently isolate this proximal portion
240 from the sheath body 222. In an implementation, as
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shown in FIG. 4, the connector 226 includes a valve 242
that can close off the fluid connection between the sheath
body 222 and the proximal portion 240 of the access
sheath 220, including the aspiration line 230, proximal
extension 240 and proximal hemostasis valve 234. This
can allow the distal portion of a catheter, retrievable stent
device, or other thrombectomy device to be pulled into
this proximal extension portion 240, the valve 242 closed
to fluidly isolate the sheath body 222 from the proximal
portion of the sheath, and then the proximal hemostasis
valve 234 to be widely opened or removed, or the entire
proximal extension portion 240 of the sheath 220 re-
moved, without arterial bleeding from the sheath 220.
The proximal extension 240 can be at least as long as
the distal luminal portion 222 of the spined catheter 320
so that the distal luminal portion 322 may be pulled en-
tirely into the proximal extension 240 and the valve 242
closed off before the proximal hemostasis valve 234 is
widely opened to remove the catheter 320 entirely from
the sheath 220.

[0049] Alternately, after the thrombectomy device or
other interventional device is pulled into this proximal ex-
tension portion 240 and the sheath body 222 closed off
via the valve 242, a portion of the thrombectomy device,
such as the distal luminal portion 322 of the aspiration
catheter 320, may remain in the proximal extension 240
and be flushed or otherwise cleared by creating flow from
theflush line to the aspiration lines to dislodge clot without
fully removing the device 320 from the access sheath
220. This ability to flush and clear the thrombectomy de-
vice without fully removing the thrombectomy device may
reduce bleeding, time, and risk of air emboli during the
steps between thrombectomy attempts. Also, withdraw-
ing the thrombectomy device into the proximal extension
240 without fully removing it from the sheath body 222
while flushing and clearing also minimizes operator and
staff exposure to blood and debris associated with device
cleansing. In any of these implementations, the proximal
extension tubing is clear so that the flush solution and
presence/absence of embolic debris or air is clearly vis-
ible through the tubing.

[0050] The proximal extension portion 240 of the ac-
cess sheath 220 can be provided as a separate, remov-
able component that can be attached to any sheath with
a standard connection on the proximal end. As shown in
FIG. 5, a proximal component 280 includes a connector
285 that can attach to a proximal hub 15 of a standard
sheath 10. The coupled components can create an as-
sembly with the configuration and features of access
sheath 220. In this implementation, the user can select
from any of several already available sheaths of appro-
priate length, shape, and mechanical characteristics for
the procedure, and perform the steps of the procedure
described in this disclosure. The removable proximal
component 280 can include the Y-arm connector 226,
aspiration line 230, proximal extension 240, proximal he-
mostasis valve 234 and flush line 236, along with the
valve connectors 232 and 238 terminating the aspiration
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line 230 and flush line 236 respectively. A connector 285
can couple to the proximal connector 226 on the sheath
220. In an implementation as shown in FIG. 6, the con-
nector 285 is configured to minimize the flow resistance
through the sheath 10 and into the proximal portion 280.
For example, instead of a standard male-female Luer
connection, the connector 285 can include an adaptor
60 with an inner lumen and surface that matches a stand-
ard female Luer connector 62 typically found on sheaths,
a seal element 64 that seals between the adaptor 60 and
the sheath female Luer 62, and a rotating nut 66 that
engages the thread elements of the female Luer 62 and
couples the adaptor 60 and Luer 62 together such that
the seal 64 is compressed and can seal against fluid and
air vacuum and pressure. Again with respect to FIG.5,
the proximal component 280 may also include a valve
242 on the Y-arm connector 226, so that when the prox-
imal component 280 is attached to a sheath 10, the prox-
imal section may be selectively open or closed to fluid
connection with the sheath 10. A similar type of connec-
tion can be made for connector 232 connecting the
sheath aspiration line 230 to an aspiration source.
[0051] In a preferred implementation, the proximal
connection has a proximal extension length of about 22
cm, a Y-arm connector of about 7 cm, and a proximal
hemostasis valve of length about 5 cm for a total length
of about 34 cm.

[0052] It may be desirable to transiently occlude the
carotid artery during the intervention to arrest antegrade
flow of emboli during portions of the procedure. In an
implementation, as shown in FIG. 7, the access sheath
220 includes an occlusion balloon 246 on the distal tip
of the sheath body 222. An additional lumen in sheath
body 222 can be connected to an inflation line 248 and
fluidly connects the balloon 246 to the inflation line 248.
An inflation device is attached to inflation line 248 to in-
flate the occlusion balloon 246. In this implementation,
the balloon 246 is inflated when carotid artery occlusion
is desired.

[0053] In some instances it is desirable to keep the
sheath tip as small as possible during sheath insertion
to minimize the diameter of the arterial puncture, but to
expand the opening of the sheath 220 after it has been
inserted into the vessel. At least one purpose of this fea-
ture is to minimize the effect or creation of distal emboli
during pull back of an aspiration catheter 320 or other
thrombectomy device into the sheath 220. During a
thrombectomy procedure, the thrombus may be "pulled
back" into a distal opening 221 of the sheath 220 on a
device that has captured the thrombus. If the distal tip of
the sheath 220 is enlarged relative to its initial size, or
flared into a funnel shape, the chance of pieces of the
thrombus breaking off and causing emboli is minimized
because the larger size or funnel shape of the sheath tip
is more likely to accommodate the emboli being drawn
into it without being split into multiple pieces. This creates
a better clinical outcome for the patient. In an implemen-
tation of the access sheath, the distal portion of the
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sheath body 222 is a material and/or construction such
that the tip can be expanded after the sheath 220 is in-
serted into the artery and positioned in its desired loca-
tion. In an implementation, the distal region of the sheath
has an ID of about 0.087" can be enlarged to a diameter
of about 0.100" to 0.120" although the size may vary
and/or be flared.

[0054] Examples of expanding distal tip constructions
include covered braided tips that can be shortened to
expand. Another example of an expanding distal tip con-
struction is an umbrella or similar construction that can
open up with mechanical actuation or elastic spring force
when unconstrained. Other mechanisms of expandable
diameter tubes are well known in the art. One particular
implementation is a sheath made of material that is de-
formable when expanded using a high pressure balloon.
Co-pending U. S. Patent Publication number
2015/0173782, filed on December 19, 2014, describes
exemplary devices and is incorporated herein by refer-
ence in its entirety. Construction of such features are

described in  co-pending Publication number
2015/0173782.
[0055] The distal end region of the sheath body 222

also may vary in the location, size and humber of open-
ings. The sheath body 222 may incorporate one or more
openings near the distal end region of the sheath 220
that allow for fluid flow between the lumen 223 of the
sheath body 222 and the vasculature within which the
sheath 220 is positioned. The one or more openings can
be sized to allow at least the luminal portion 322 of the
aspiration catheter 320 to extend therethrough. The one
or more openings may be sized larger than the outer
diameter of the luminal portion 322 such that the one or
more openings form an elongate mouth, slot or notch in
a distal end region of the sheath body 222. The one or
more openings may be formed within a region of the side
wall of the sheath body 222 just proximal to the distal
end, such that the opening is located at least 0.25 mm,
0.5mm, 1.0 mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm, 3.5
mm, or 4.0 mm or greater from the distal end of the sheath
body 222. The one or more openings may be a plurality
of openings forming a porous region near the distal end
region of the sheath body 222 wherein at least one of the
pluralities of openings is sized large enough to allow one
or more components of the system to exit the lumen 223
of the sheath body 222. In some implementations, the
one or more openings includes a distal opening 221 from
the lumen 223 of the sheath body 222 (see FIGs. 4 and
12C). In some implementations, the one or more open-
ings includes an elongate, distal mouth forming a side
opening 1219 on a first side of the sheath body 222 lo-
cated near a distal end region (see FIG. 12C). The side
opening 1219 may be located at least 0.25 mm or more
from the distal end of the sheath body 222. The side
opening 1219 may having a diameter that is at least as
large as the outer diameter of the distal luminal portion
322 of the spined catheter 320. Preferably, the side open-
ing 1219 has a diameter that is at least 1.5x, 2x, 2.5x, or
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3x as large as the outer diameter of the distal luminal
portion 322. In another implementation, the sheath body
222 includes a pair of side openings 1219 on opposing
and/or adjacent sides of the sheath body 222 near the
distal end region. In another implementation, the sheath
body 222 includes a distal opening 221 from the lumen
223 and one or more elongate side openings 1219 from
the lumen 223. It should be appreciated that the sheath
body 222 can be rotated around the longitudinal axis A
such that the one or more side openings 1219 are posi-
tioned to allow for distal extension of the catheter 320
fromthe side openings 1219 inadesired direction relative
to the longitudinal axis A of the sheath 220. Inclusion of
awide-mouthed side opening 1219 can allow for a range
of exit angles for the catheter 320 from a position sub-
stantially (i.e. very nearly) parallel to the sheath body 222
to a position that is at an angle to the sheath body 222,
for example substantially perpendicular or at a right angle
to the sheath body 222, as well as greater than 90° angle.
This arrangement can be critically important in situations
where there is severe angulation within the vessel being
traversed or where a bifurcation is present. Often, tortu-
ous segments in vessels and bifurcations have severe
angulations to 90° or greater angle up to 180°. Classic
severe angulation points in the vasculature can include
the aorto-iliac junction, the left subclavian artery takeoff
from the aorta, the brachiocephalic (innominate) artery
takeoff from the ascending aorta as well as many other
peripheral locations.

[0056] Referring again to FIG. 1, as mentioned above
the catheter system 300 can include a spined aspiration
catheter 320 having a flexible, distal luminal portion 322
and a rigid, proximal spine 330. The outer diameter of
the distal luminal portion 322 as well as the flexibility and
lubricity of the luminal portion 322 paired with the rigid
spine 330 allow for the spined aspiration catheter 320 to
navigate to the site of occlusions in the cerebral vascu-
lature compared to other systems configured to navigate
the cardiac vasculature. The systems described herein
can reach occlusions in a region of the anatomy that has
a long, tortuous access route. The route may contain
stenosis plaque material in the aortic arch and carotid
and brachiocephalic vessel origins, presenting a risk of
embolic complications. Further, cerebral vessels are
usually more delicate and prone to perforation than cor-
onary or other peripheral vasculature. The catheter sys-
tems described herein can provide for neurovascular in-
terventional procedures more easily due to its ability to
overcome these access challenges. The catheter sys-
tems described herein are designed for navigating tortu-
osity rather than pushing through it. U.S. Patent Publica-
tion Number 2015/0174368, filed on December 12, 2014,
and U.S. Patent Publication Number 2015/0173782, filed
on December 19, 2014, describe features of catheter de-
vices that can navigate the tortuous anatomy of the cer-
ebral arteries.

[0057] The length of the distal luminal portion 322 can
vary. In some implementations, the length of the distal
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luminal portion 322 extends from a region near the distal
tip of the access sheath body 222 to the site of the oc-
clusion in the carotid artery, forming a proximal overlap
region 120 with the distal end of the access sheath 220
(see FIG. 2B). Taking into account the variation in occlu-
sion sites and sites where the access sheath distal tip
may be positioned, the length of the distal luminal portion
322 may range from about 10 cm to about 25 cm. The
length of the distal luminal portion 322 is less than the
length of the sheath body 222 of the access sheath 220,
such that as the spined aspiration catheter 320 is retract-
ed into the sheath body 222 there remains aseal between
the overlap region 328 of the spined aspiration catheter
320, and the inner diameter of the sheath body 222.

[0058] The catheter systems described herein can in-
corporate multiple spined catheters that are nested inside
one another to allow for an extended reach into the tor-
tuous anatomy. For example, a first spined catheter 320
having an cuter diameter sized to be received within the
lumen of the sheath body 222 may have a second spined
catheter 320 extending through the inner lumen of the
first spined catheter 320. The second spined catheter
320 can be extended using its proximal spine beyond a
distal end of the first spined catheter 320 such that the
smaller diameter second spined catheter 320 can reach
a more distal region of the vasculature, particularly one
having a narrower dimension. In this implementation, the
first spined catheter 320 can act as a support catheter
for the second spined catheter 320. The second spined
catheter 320 can have an inner lumen that fluidly com-
municates with the innerlumen of the first spined catheter
320 that fluidly communicates with an inner lumen of the
sheath body 222 forming a contiguous aspiration lumen.
[0G59] In an implementation, the distal luminal portion
322 of the catheter 320 is constructed to be flexible and
lubricious, so as to be able to be safely navigated to the
targetsite, and kink resistant and collapse resistant when
subjected to high aspiration forces, so as to be able to
effectively aspirate the clot, with sections of increasing
flexibility towards the distal end. In an implementation,
the distal luminal portion 322 includes three or more lay-
ers, including an inner lubricious liner, a reinforcement
layer, and an outer jacket layer. The outer jacket layer
may be composed of discreet sections of polymer with
different durometers, composition, and/or thickness to
vary the flexibility along the length of the distal luminal
portion 322. In an implementation the lubricious inner
lineris a PTFE liner, with one or more thicknesses along
variable sections of flexibility. In an implementation, the
reinforcement layer is a generally tubular structure
formed of, for example, a wound ribbon or wire coil or
braid. The material for the reinforcement structure may
be stainless steel, for example 304 stainless steel, nitinol,
cobalt chromium alloy, or other metal alloy that provides
the desired combination of strengths, flexibility, and re-
sistance to crush. In an implementation, the reinforce-
ment structure includes multiple materials and/or de-
signs, again to vary the flexibility along the length of the
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distal luminal portion 322. In an implementation, the outer
surface of the catheter 320 is coated with a lubricious
coating such as a hydrophilic coating. In some implemen-
tations the coating may be on an inner surface and/or an
outer surface to reduce friction during tracking. The coat-
ing may include a variety of materials as is known in the
art. The spine portion 330 may also be coated to improve
tracking through the access sheath 220. Suitable lubri-
cious polymers are well known in the art and may include
silicone and the like, hydrophilic polymers such as high-
density polyethylene (HDPE), polytetrafluoroethylene
(PTFE), polyarylene oxides, polyvinylpyrolidones, poly-
vinylalcohols, hydroxy alkyl cellulosics, algins, saccha-
rides, caprolactones, and the like, and mixtures and com-
binations thereof. Hydrophilic polymers may be blended
among themselves or with formulated amounts of water
insoluble compounds (including some polymers) to yield
coatings with suitable lubricity, bonding, and solubility.

[0060] The outer diameter of the distal luminal portion
322 can be sized for navigation into cerebral arteries. It
is desirable to have a catheter having an inner diameter
that is as large as possible that can be navigated safely
to the site of the occlusion, in order to optimize the aspi-
ration force. A suitable size for the inner diameter may
range between .040" and .075" or may range between
0.040" and 0.088", depending on the patient anatomy
and the clot size and composition. The outer diameter
should be as small as possible while still maintaining the
mechanical integrity of the catheter 320. However, at the
overlap region 120, the outer diameter (OD) of the cath-
eter 320 approaches the innerdiameter (ID) ofthe access
sheath 220, so as to create a sealed area at the overlap
region 120 whilst still enabling the catheter 320 to be
inserted easily through the sheath 220 and positioned at
the desired site. In an implementation, the catheter 320
and access sheath 220 are sized to match at the overlap
region 120 with no change in catheter 320 outer diameter
(see FIG. 2B). In an implementation, the difference be-
tween the catheter OD and the access sheath ID at the
overlap region is .002" or less. In another implementa-
tion, the difference is .003" or less. In an implementation,
the catheter 320 is tapered towards the distal tip of the
distal luminal portion 322 such that the distal-most end
of the catheter has a smaller outer diameter compared
to a more proximal region of the catheter near where it
seals with the access sheath. In anotherimplementation,
the catheter OD steps up at an overlap portion 328 to
more closely match the sheath inner diameter (see FIG.
1). This implementation is especially useful in a system
with more than one catheter suitable for use with a single
access sheath size. It should be appreciated where the
catheter OD of the spined catheter 320 matches the
sheath inner diameter or the difference is 0.002" or less,
aseal to fluid being injected or aspirated can be achieved
by the overlap portion 328 such that no increase in cath-
eter OD is necessary. A seal to fluid being injected or
aspirated between the catheter and the sheath can be
achieved by the overlap between their substantially sim-
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ilar dimensions without incorporating any separate seal-
ing structure or seal feature.

[0061] In another implementation as shown in Figure
8A and 8B, there is a sealing element 336 positioned on
the external surface of the proximal end of the distal lu-
minal portion 322. The sealing element 336 can be one
or more external ridge features, and can be compressed
when the catheter 320 is inserted into the lumen of the
access sheath 220. The ridge geometry can be such that
the sealing element 336 behaves as an O-ring, quadring,
or other piston seal design. Figure 8B shows a similar
configuration, with the sealing element 336 having a wip-
er seal configuration such as an inclined surface that is
biased against an inner surface of access sheath body
222. Alternately, the seal element 336 may be an inflat-
able or expandable member such as a balloon or covered
braid structure that can be inflated or expanded and pro-
vide sealing between the two devices at any time, includ-
ing after the catheter 320 is positioned at the desired site.
An advantage to this implementation is that there is no
sealing force being exerted on the catheter 320 during
catheter positioning, but rather is applied or actuated to
seal after the catheter 320 is positioned.

[0062] It should be appreciated that the shape of the
proximal end region of the distal luminal portion 322 may
have an angled cut compared to the straight cut shown
inthe FIGs. 8A-8B. It should also be appreciated that the
spine 330 may be coupled to a proximal end region of
the catheter 320 and/or may extend along at least a por-
tion of the distal luminal portion 322 such that the spine
330 couples to the distal luminal portion 322 a distance
away from the proximal end. The spine 330 can be cou-
pled to the portion 322 by a variety of mechanisms in-
cluding bonding, welding, gluing, sandwiching, stringing,
tethering, or tying one or more components making up
the spine 330 and/or portion 322. In some implementa-
tions, the spine 330 and luminal portion 322 are coupled
together by sandwiching the spine 330 between layers
of the distal luminal portion 322. For example, the spine
330 can be a hypotube or rod having a distal end that is
skived, ground or cut such that the distal end can be
laminated or otherwise attached to the layers of the cath-
eter portion 322 near a proximal end region. The region
of overlap between the distal end of the spine 330 and
the portion 322 can be at least about 1 cm. This type of
coupling allows for a smooth and even transition from
the spine 330 to the luminal portion 322.

[0063] Inanimplementation, the overlap regionis con-
figured to enable sealing against a vacuum of up to 25
inHg, or up to 28 inHg. In an implementation, the overlap
region 120 is configured to enable sealing against a pres-
sure of up to 300 mmHg or up to 600 mmHg or up to 700
mmHg with minimal to no leakage. In addition, there may
be features that prevent excessive advancement of the
spined aspiration catheter 320 beyond the distal end of
the access sheath 220. In any implementation that in-
volves a stepped up diameter or protruding feature at the
overlap region 328 of the spined aspiration catheter 320,
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the access sheath body 222 may include an undercut at
the tip that prevents the proximal overlap portion of the
spined aspiration catheter 320 to exit the sheath body
222.

[0064] The distal luminal portion 322 of the catheter
320 can have a radiopaque marker 324 at the distal tip
to aid in navigation and proper positioning of the tip under
fluoroscopy (see FIG. 1). Additionally, the proximal over-
lap region 328 of the catheter 320 may have one or more
proximal radiopaque markers 1324 (see FIG. 12C) so
that the overlap region 120 can be visualized as the re-
lationship between the access sheath distal marker 224
and the catheter proximal marker 1324. In an implemen-
tation, the two markers (marker 324 at distal tip and a
more proximal marker 1324 ) are distinct so as to minimize
confusion of the fluoroscopic image, for example the
catheter proximal marker 1324 may be a single band and
the sheath tip marker 224 may be a double band.
[0065] The spine 330 of the spined aspiration catheter
320 is coupled to a proximal end region of the distal lu-
minal portion 322. The spine 330 is configured to allow
distal advancement and proximal retraction of the cath-
eter 320 through the lumen 223 of the access sheath
220. In an implementation, the length of the spine 330 is
longer than the entire length of the access sheath 220
(from distal tip to proximal valve), such as by about 5 cm
to 15 cm. As shown in FIG. 1, the spine 330 can include
a mark 332 to indicate the overlap between the distal
luminal portion 322 of the catheter 320 and the sheath
body 222. The mark 332 can be positioned so that when
the mark 332 is aligned with the sheath proximal valve
234 during insertion of the catheter 320 through the
sheath 220, the spined aspiration catheter 320 is posi-
tioned at the distal-most position with the minimal overlap
length needed to create the seal between the spined as-
piration catheter 320 and the access sheath 220. The
spine 330 can include a gripping feature such as a tab
334 on the proximal end to make the spine easy to grasp
and advance or retract. The tab 334 can coupled with
one or more other components of the system 300, such
as a dilator configured to extend through the lumen 323
of the distal luminal portion 322 as will be described in
more detail below. The proximal tab 334 can be designed
to be easily identifiable amongst the other devices exist-
ing in the sheath proximal valve 234, such as guidewires
270 or retrievable stent device wires 500. In an imple-
mentation, the spine 330 is colored a bright color, or
marked with a bright color, to make it easily distinguish-
able from guidewire, retrievable stent tethers, or the like.
[0066] The spine 330 can be configured with sufficient
stiffness to allow advancement and retraction of the distal
luminal portion 322 of the spined aspiration catheter 320,
yet also be flexible enough to navigate through the cer-
ebral anatomy as needed. Further, the outer diameter of
the spine 330 is sized to avoid taking up too much luminal
area in the lumen 223 of the access sheath 220 and
sheath body 222. In an implementation, the spine 330 is
a round wire, with dimensions from .014" to .018". In an-
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other implementation, the spine 330 is a ribbon with di-
mensions ranging from .010" to .015" thick,
and .015" thick to .025" thick. The ribbon can have a va-
riety of cross-sectional shapes such as a flat ribbon or
curved ribbon forming a c-shape or other shape along
an arc. In another implementation, the spine 330 is a
hypotube. In an implementation, the spine 330 material
is a metal such as a stainless steel or nitinol as well as
a plastic such as any of a variety of polymers.

[0067] One or more components of the systems de-
scribed herein may be made from a metal, metal alloy,
polymer, a metal-polymer composite, ceramics, combi-
nations thereof, and the like, or other suitable materials.
Some examples of suitable metals and metal alloys in-
clude stainless steel, such as 304V, 304L, and 316LV
stainless steel; mild steel; nickel-titanium alloy such as
linear-elastic and/or super-elastic nitinol; other nickel al-
loys such as nickel-chromium-molybdenum alloys (e.g.,
UNS: N06625 such as INCONEL® 625, UNS: N06022
such as HASTELLOY® C-22®, UNS: N10276 such as
HASTELLOY® C276®, other HASTELLOY® alloys, and
the like), nickel-copper alloys (e.g., UNS: N04400 such
as MONEL® 400, NICKELVAC® 400, NICORROS®
400, and the like), nickel-cobalt-chromium-molybdenum
alloys (e.g., UNS: R30035 such as MP35-N® and the
like), nickel-molybdenum alloys (e.g., UNS: N10665 such
as HASTELLOY® ALLOY B2®), other nickel-chromium
alloys, other nickel-molybdenum alloys, other nickel-co-
balt alloys, other nickel-iron alloys, other nickel-copper
alloys, other nickel-tungsten or tungsten alloys, and the
like; cobalt-chromium alloys; cobalt-chromium-molybde-
num alloys (e.g., UNS: R30003 such as ELGILOY®,
PHYNOX®, and the like); platinum enriched stainless
steel; titanium; combinations thereof; and the like; or any
other suitable material.

[0068] The junction between the distal luminal portion
322 of the catheter 320 and the proximal spine 330 can
be configured to allow a smooth transition of flexibility
between the two portions so as not to create a kink or
weak point, and also allow smooth passage of devices
such as guidewires and microcatheters through the con-
tinuous inner lumen created by the lumen 223 of the ac-
cess sheath 220 and the lumen 323 of the luminal portion
322 of the catheter 320. In an implementation, the distal
luminal portion 322 has a transition section 326 (see FIG.
1) near where the portion 322 couples to the spine 330
that has an angled cut such that there is no abrupt step
transition from the sheath 220 inner lumen 223 to the
catheter 320 inner lumen 323. The angled cut can be
generally planer. In an alternate implementation, the an-
gled cut is curved or stepped to provide a more gradual
transition zone. The distal luminal portion 322 and the
spine 330 may be joined by a weld bond, a mechanical
bond, an adhesive bond, or some combination thereof.
The distal end of the spine 330 may have features that
facilitate a mechanical joint during a weld, such as a tex-
tured surface, protruding features, or cut-out features.
During a heat weld process, the features would facilitate
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a mechanical bond between the polymer distal luminal
portion 322 and the spine 330. In another implementa-
tion, such as the catheter system 1300 shown in FIGs.
12A-12B having a spined catheter 1320 and a dilator
1340 extending therethrough, a smooth transition of flex-
ibility between the two portions is formed so as not to
kink or create a weak point during advancement of the
system 1300. Loss of this smooth flexibility transition can
occur upon removal of the dilator 1340 from the spined
catheter 1320. The spine 1330 can be intended primarily
to withdraw the spined catheter 1320 where risk of kink
or weak spot formation is markedly lower.

[0069] Because the spined aspiration catheter 320
does not have alumen that runs its entire length 320 due
to the presence of the spine 330 on its proximal end re-
gion, traditional flushing and preparation steps, either be-
fore use or during the procedure should the lumen of the
catheter become clogged, are ineffective. In a traditional
single lumen catheter, a syringe is attached to the prox-
imal adaptor of the catheter and the inner lumen may be
forcefully flushed with solution. The spined catheter 320
can be supplied with an accessory catheter flushing and
clearing device 350 (see FIG. 1). This device 350 may
be a tube with a rounded or tapered tip on a distal end
and a female Luer connection on the proximal end. The
Luer connector allows a syringe to be connected to the
device 350. The blunt or tapered tip enables the device
350 to be inserted into either the distal or proximal end
of the luminal portion 322 of the catheter 320, without
risk of damaging the catheter 320, and the syringe actu-
ated to flush the device. The OD of the clearing device
350 is closely matched with the ID of the luminal portion
322 of the spined catheter 320, such that the spined as-
piration catheter 320 may be flushed with enough force
to clear out the catheter of debris and aspirated occlusive
material. The device 350 may also be used to mechan-
ically clear out any entrapped thrombus in a plunger-type
action, the working length of the device 350 can be at
least as long as the distal luminal portion 322 of the cath-
eter 320, so that it may be inserted through the entire
lumen 323 of the distal luminal portion 322. Flushing may
occurin conjunction with plunging the device 350, tomore
effectively clear the catheter 320 of entrapped thrombus
or other embolic material.

[0070] In an alternate implementation, the aspiration
catheter 320 is a single lumen catheter, for example, the
type of catheter described in co-pending application U.S.
Patent Publication Number 2015/0174368, filed Decem-
ber 12, 2014. In such an implementation, the catheter
may be supplied with or coupled with a tapered co-axial
dilator 340 that is generally tubular and has a tapered
distal portion that provides a smooth transition between
the catheter and a guidewire positioned within the cath-
eter.

[0071] The spined aspiration catheter 320 can be nav-
igated through the vasculature over an appropriately-
sized microcatheter and guidewire. Alternately, the
spined catheter 320 can be supplied with a co-axial dilator
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340 (see FIG. 1). The dilator 340 is sized and shaped to
be inserted through the internal lumen 323 of the distal
luminal portion 322 of the catheter 320 in a coaxial fash-
ion, such that a proximal end region of the dilator 340
aligns side-by-side with the spine 330 of the catheter 320
when in use. The dilator 340 can have a tapered distal
tip 346. The length of the dilator 340 can be at least as
long as the spined aspiration catheter 320 allowing for
the distal tapered tip 346 as a minimum to protrude from
the distal end of the luminal portion 322 of the spined
catheter 320. The dilator 340 can have an outer diameter
that forms a smooth transition to the distal tip of the cath-
eter, and the distal tapered tip 346 that provides a smooth
transition down to the guidewire that extends out the inner
lumen of the dilator 340. The dilator 340 can be generally
tubular along at least a portion of its length. In an imple-
mentation, the tapered dilator 340 is designed to accom-
modate a guidewire that may be in the range of
0.014" and 0.018" diameter for example. In this imple-
mentation, the inner Iluminal diameter may be
between .020" and .024". The tapered distal tip 346 may
be in range from 1.5 cm to 3 cm.

[0072] It should be appreciated that the dilators de-
scribed herein for use with the spined catheters can vary
in their configuration. For example, as described above
the dilator 340 can be a co-axial dilator 340 that is gen-
erally tubular and has a tapered distal portion that pro-
vides a smooth transition between the catheter 320 and
a guidewire positioned within the catheter 320. The tu-
bular body of the dilator 340 can extend along the entire
length of the catheter 320. Alternatively, the dilator 340
can incorparate a proximal spine that aligns side-by-side
with the spine of the catheter 320. The proximal spine
can be positioned co-axial or eccentric to a distal end
region of the dilator 340. The co-axial proximal spine of
the dilator 340 can have a lumen extending through it.
Alternatively, the dilator 340 can be a solid rod having no
lumen. The solid rod dilator can be formed of a malleable
material that skives down to have a narrow outer diameter
(e.g.0.010" - 0.014") such that the dilator can be shaped
to whatever angle or shape is desired by the user, similar
to how a guidewire may be used. In this configuration,
the catheter system does not include a guidewire or mi-
crocatheter. Such a dilator has a benefit over a micro-
catheter in that it can have an outer diameter that is
0.003" - 0.010" smaller than the inner diameter of the
spined catheter 320.

[0073] The dilator 340 may have a proximal female Lu-
er adaptor 348 at a proximal end to allow the dilator 340
to be flushed with a syringe. The dilator 340 may also
incorporate a clip feature at a proximal end allowing the
dilator 340 to be the material of the dilator 340 can be
flexible enough and the taper distal tip 346 can be long
enough to create a smooth transition between the flexi-
bility of the guidewire and the flexibility of the catheter.
This configuration can facilitate advancement of the cath-
eter 320 through the curved anatomy and into the target
cerebral vasculature. In animplementation, the distalend
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of the dilator 340 has a radiopaque marker 344 and/or a
marker 343 at the proximal end of the taper distal tip 346.
The marker material may be a platinum/iridium band, a
tungsten, platinum, or tantalum-impregnated polymer, or
other radiopaque marker.

[0074] The dilator 340 can be constructed to have var-
iable stiffness between the distal and proximal ends of
the dilator 340. For example, the distal most section that
extends beyond the distal end of the luminal portion 322
of the catheter 320 can be made from a more flexible
material, with increasingly stiffer materials towards the
more proximal sections. In some implementations, the
dilator 340 canbe a spined dilator having a proximal spine
as will be described in more detail below. The proximal
end of the dilator 340 can include a tab 1364 that allows
the dilator 340 to lock with the tab 334 on the proximal
end of the spine 330 of the catheter 320, such that the
two components (the spined catheter 320 and the dilator
340) may be advanced as a single unit over the guidewire
(see FIG. 12A). In some implementations, the tab 334 of
the catheter 320 can form a ring having a central opening
extending therethrough. The tab 1364 of the dilator 340
can have an annular detent with a central post. The cen-
tral post of the tab 1364 can be sized to insert through
the central opening of the tab 334 such that the ring of
the tab 334 is received within the annular detent of tab
1364 forming a singular grasping element for a user to
advance and/or withdraw the catheter system through
the access sheath. The tab 1364 may be affixed to the
dilator 340, or may be slideable on the dilator 340 to ac-
commodate different relative positions between the dila-
tor 340 and the spined catheter 320.

[0075] FIGs. 12A-16 provide additional views of a
spined aspiration catheter and dilator system 1300 as
described elsewhere herein. FIGs. 12A-12B show the
spined aspiration catheter 1320 having a dilator 1340
extending through an aspiration lumen 1323 of the distal
luminal portion 1322. As described elsewhere herein, the
catheter 1320 can have a proximal spine 1330 having a
tab 1334 and a distal luminal portion 1322 having an as-
pirationlumen 1323. The spine 1330 can extend between
the distal luminal portion 1322 and the tab 1334. The
dilator 1340 can be received within the aspiration lumen
1323 of the spined catheter 1320. The dilator 1340 can
include a distal dilator portion 1360 and a proximal spine
1362. The dilator portion 1360 can extend between a
distal tip 1346 of the dilator 1340 to the start of the prox-
imal spine 1362. When engaged with the catheter 1320,
the dilator portion 1360 of the dilator 1340 may extend
through an entire length of the distal luminal portion 1322
of the catheter 1320 such that the dilator tip 1346 extends
a fixed distance beyond a distal end of the distal luminal
portion 1322 of the catheter 1320 providing a smooth
transition for improved tracking. The dilator tip 1346 can
be tapered as described elsewhere herein and can be
soft, atraumatic and flexible to the vessel wall to facilitate
endovascular navigation to an embolus in a tortuous
anatomy compared to dilators typically used for percuta-
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neous arterial access, which are meant to bluntly dissect
through tissue and artery wall.

[0076] The dilator 1340 is shown in a locked configu-
ration with the catheter 1320 configured for improved
tracking through a tortuous and often diseased vascula-
ture in acute ischemic stroke. The dilator portion 1360
can include one or more detents on an outer surface of
the dilator portion 1360. The detents can be located near
a proximal end region and/or a distal end region of the
dilator portion 1360. The detents are configured to lock
with correspondingly-shaped surface features on the in-
ner surface of the lumen 1323 through which the dilator
portion 1360 extends. The dilator 1340 can include a di-
lator tab 1364 on a proximal end of the proximal spine
1362 of the dilator 1340, which as discussed above can
be configured to connect and lock with a corresponding
feature on the proximal end region of the catheter spine
1330, for example via one or more detents or other sur-
face features. Thus, the dilator 1340 and the catheter
1320 can have more than a single point of locking con-
nection between them. The proximal spine 1362 of the
dilator 1340 can extend between the dilator portion 1360
and the tab 1364 of the dilator 1340. The dilator portion
1360 can be a tubular element as described elsewhere
herein that forms a guidewire lumen running a length of
the dilator portion 1360 (and an entire length of the distal
luminal portion 1322 of the spined catheter 1320). It
should be appreciated that the entire dilator 1340 can be
tubular element configured to receive a guidewire
through the spine 1362 as well as the dilator portion 1360.
The proximal end of the dilator portion 1360, i.e., the tran-
sition section 1326 between the dilator portion 1360 and
the proximal spine 1362, may include a "step up" to
smooth the transition between the distal luminal portion
1322 of the catheter 1320 and the dilator portion 1360 of
the dilator 1340. The transition section 1326 can incor-
porate an angled cut such that there is no abrupt step
transition from the sheath 1220 inner lumen 1223 to the
catheter 1320 innerlumen 1323. Accordingly, the spined
aspiration catheter-dilator 1300 may be smooth to the
vascular wall it interfaces with.

[0077] The proximalspine 1362 ofthe dilator 1340 may
have a similar stiffness and character as the spine 1330
of catheter 1320. More particularly, one or both of the
spines 1362, 1330 may be stiff and/or kink resistant. Fur-
thermore, one or both of the spines 1362, 1330 may have
a stiffness to allow pushing the distal portions, i.e., the
combined distal luminal portion 1322 and dilator portion
1360, through an access sheath or a guide-sheath while
producing a very low profile. In an embodiment, one or
both of the spines 1362, 1330 includes a stiff wire.
[0078] The catheter tab 1334 and the dilator tab 1364
can be removably connected with one another. More par-
ticularly, the tabs 1334, 1364 may have a locked config-
uration and an unlocked configuration. In the locked con-
figuration, the dilator tab 1364 can be engaged with the
catheter tab 1334. In the unlocked configuration, the di-
lator tab 1364 may be disengaged from the catheter tab
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1334. The dilator tab 1364 may attach, e.g., click or lock
into, the catheter tab 1334 in a fashion as to maintain the
relationships of corresponding section of the spined di-
lator 1340 and the spined catheter 1320 in the locked
configuration. Such locking may be achieved by, e.g.,
using a detent on the dilator tab 1364 that snaps into
place within a recess formed in the catheter tab 1334, or
vice versa. In some implementations, the spine 1330 of
the spined catheter 1320 can run alongside or within a
specialized channel of the dilator spine 1362. The chan-
nelcan be located along alength of the dilator spine 1362
and have a cross-sectional shape that matches a cross-
sectional shape of the catheter spine 1330 such that the
spine 1330 of the catheter 1320 can be received within
the channel and slide smoothly along the channel bi-di-
rectionally. Once the spined catheter 1320 and spined
dilator 1340 are fixed, the combined system, i.e., the
spined aspiration catheter-dilator 1300 may be delivered
to a target site, for example through the lumen 223 of the
access sheath 220 described elsewhere herein.

[0079] Referring to FIG. 12B, a spined aspiration cath-
eter-dilator 1300 having a spined catheter 1320 and a
spined dilator 1340 in an unlocked configuration is illus-
trated in accordance with an embodiment. When the
spined aspiration catheter-dilator 1300 is positioned at
the target site, as discussed herein, the dilator tab 1364
can be unlocked from the catheter tab 1334. The spined
dilator 1340 may be withdrawn and the spined catheter
1320 may be used, e.g., for aspiration or for wire or bal-
loon delivery.

[0080] ReferringtoFIG. 13, across-sectionalview, tak-
en about line A-A of FIG. 12B, of a spined catheter 1320
coaxially aligned with a spined dilator 1340 is illustrated
in accordance with an embodiment. The cross-section
illustrates a portion of the catheter-dilator having the di-
lator portion 1360 received within the aspiration lumen
1323 of distal luminal portion 1322. The lumen 1323 may
have an inner diameter in a range up to 0.072 inches,
although a larger or smaller inner diameter is possible
(larger or smaller passible). The wall of the distal luminal
portion 1322 may resist kinking or ovalizing to provide
maximum diameter for aspiration. The dilator portion
1360 may be received in the distal luminal portion 1322
in a slip fit. Thus, in an embaodiment, an outer dimension
of the dilator portion 1360 may be less than the inner
diameter of the distal luminal portion 1322. For example,
the lumen 1323 may have a diameter of 0.072 inches
and the dilator portion 1360 may have an outer dimension
of 0.070 inches.

[0081] ReferringtoFIG. 14, across-sectional view, tak-
en about line B-B of FIG. 12B, of a spined catheter 1320
after removal of a spined dilator 1340 is illustrated in ac-
cordance with an embodiment. The cross-section illus-
trates the distal luminal portion 1322 after the dilator por-
tion 1360 has been retracted and/or removed. The distal
luminal portion 1322 has an inner wall 1321 defining the
lumen 1323. The lumen 1323 may be circular, as shown,
or may have any other shape. In an embodiment, the
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effective diameter of the lumen 1323 ranges up to 0.072
inches.

[0082] Referringto FIG. 15A, a spined aspiration cath-
eter-dilator system 1300 having a spined catheter 1320
and a spined dilator 1340 in a locked configuration is
illustrated in accordance with an embodiment. In an em-
bodiment, the spine 1330 and dilator 1340 may have an
outer dimension that is substantially similar over an entire
length. For example, rather than converging to a smaller
dimension between the dilator portion 1360 and the di-
lator spine 1362, the dilator spine 1362 may have a same
dimension as the dilator portion 1360. Thus, a catheter-
dilator having a substantially same cross-sectional area
over at least a majority of its length may be provided. As
discussed above, the spine dilator 1340 and the spine
catheter 1320 may have corresponding tabs 1334, 1364
that engage in a locked configuration and disengage in
an unlocked configuration.

[0083] Referringto FIG. 15B, a spined aspiration cath-
eter-dilator having a spined catheter 1320 and a spined
dilator 1340 in an unlocked configuration is illustrated in
accordance with an embodiment. The spined dilator 1340
may be removed from the spined catheter 1320 in a man-
ner similar to that described above. In an embodiment,
the spined aspiration catheter-dilator may have a similar
cross-sectional area over a majority of its length, and
thus, the shapes of the spined catheter 1320 and the
spined dilator 1340 may be complimentary. For example,
the spine 1330 may have a cross-sectional area along
an arc, such as a quarter circle, and thus, a cross-sec-
tional area of the dilator spine 1362 may be three quarters
of a circle. As such, the spine 1330 may conform to the
dilator spine 1362 to provide an overall cross-sectional
area of a full circle.

[0084] Referring to FIG. 16, a schematic view of a
spined catheter 1320 having a distal luminal portion 1322
having an inner lumen 1323 located in a neurovascular
anatomy isillustrated in accordance with an embodiment.
Used in conjunction with an access sheath 1220 having
a sheath body 1222 and an inner lumen 1232, in an em-
bodiment where the spined catheter 1320 reaches the
ICA and the distance to embolus E is consistently felt to
be less than 20 cm, one would see that the distal luminal
portion 1322 having a length of 25 cm would allow for an
overlap region 1120 with the access sheath 1220 to cre-
ate a seal. The overlap region 1120 may have a length
of a few centimeters, and the may vary depending on the
distance from the embolus E to the distal end of the distal
luminal portion 1322, e.g., depending on how far the
spined catheter 1320 is advanced relative to the access
sheath 1220.

[0085] As described elsewhere herein, the luminal ar-
ea available for aspiration of the embolus is greater using
the spined catheter 1320 as compared to an aspiration
system having a conventional large bore catheter in an
access sheath. More particularly, the combined volume
of the luminal area of the spined catheter 1320 and the
luminal area of the access sheath 1220 proximal to the
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distal luminal portion 1322 is greater than the luminal
area of the large bore catheter along the entire length of
the system. Thus, the likelihood of removing the embolus
in a single aspiration attempt may be increased. More
particularly, the stepped up luminal diameter along the
spine 1330 may enable a greater aspiration force to be
achieved resulting in improved aspiration of the embolus.
The stepped up luminal diameter may also increase the
annular area available for forward flushing of contrast,
saline, or other solutions while devices such as micro-
catheters or tapered inner members are coaxially posi-
tioned in the spined catheter and access sheath. Thus,
the ease and ability to perform angiograms during device
navigation may be improved.

[0086] The disclosed systems may be supplied with
ancillary devices that are particularly configured to be
used with the system. It should be appreciated that ref-
erence to one implementation of an access sheath sys-
tem or aspiration catheter system is not intended to be
limited and that the ancillary devices described herein
can be used with any of the systems having any of a
variety or combination of features described herein. For
example, where an access sheath is described below it
should be appreciated that one or more features of any
of the access sheaths or access sheath systems de-
scribed herein can be incorporated. Similarly, where a
spined catheter is described below one or more featured
of any of the spined catheters or spined catheter systems
described herein can be incorporated.

[0087] Inanimplementation, the system includes a mi-
crocatheter 400 (see FIG. 1). The microcatheter 400 can
be configured to be particularly suited for navigation in
the cerebral vasculature. The microcatheter 400 may be
used in place of the tapered dilator 340 to help navigate
the spined catheter 320 to the desired site. As such, it
may include means at the proximal end to lock the spine
330 to the microcatheter 400, so that so that the two
components (the spined catheter 320 and the microcath-
eter 400) may be advanced as a single unit over the
guidewire. In some instances the microcatheter 400 is
advanced ahead of the catheter 320, to provide support
as the catheter 320 is advanced, or to cross the occlusion
and perform an angiogram distal to the occlusion. In this
case, the length of the microcatheter 400 can be longer
than the spined catheter 320 by about 10 to 20 cm. The
microcatheter 400 may also be used to deliver a retriev-
able stent device 500 to the occlusion. In this case, the
microcatheter 400 can have an inner diameter suitable
for delivery of the retrievable stent device 500, for exam-
ple, in the range .021" to .027" and with a PTFE inner
liner. The microcatheter 400 can be at least about 5-10
cm longer or at least about 5 - 20 cm longer than the
overall length of the spined catheter 320 to allow the mi-
crocatheter 400 to extend beyond the distal end of the
aspiration catheter 320 during navigation.

[0088] In animplementation, the system includes a re-
trievable stent device 500 with a distal expandable sec-
tion 510, which is sized and configured to be delivered
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through the microcatheter 400, as shown in FIG. 9. The
retrievable stent device 500 may be used in conjunction
with the other components of the system to aid in removal
of the occlusion. The retrievable stent device 500 may
also be used to quickly restore flow to the occluded artery
during the thrombectomy procedure. Examples of re-
trievable stent devices include the Solitaire Revascular-
ization Device (Medtronic) or the Trevo Stentriever
(Stryker).

[0089] Ina method of use, the retrievable stent device
500 is used to assist in bringing thrombus into the cath-
eter 320 during an aspiration step, or clearing the catheter
320 that may become clogged during the aspiration step.
In an implementation, the retrievable stent device 500 is
configured to be particularly suited for performing these
functions. For example, as shown in FIG. 10A, the distal
end of the expandable portion 510 of the device 500 has
multiple struts or elements 520 that come together at the
distal tip to close off the distalmost end, such that the
device allows blood flow across the device, but captures
the thrombus pieces as the device 500 is pulled into the
catheter 320, and subsequently through the catheter 320
and out the distal end. Alternately, the distal end 520 is
a filter element or a balloon element.

[0090] Inanother example, in FIG. 10B, the retrievable
stent device 500 includes two or more segments with one
or more proximal segments 510a configured to be ex-
panded in the catheter distal inner lumen while one or
more distal segments 510b are expanded across the oc-
clusion as is done with prior retrievable stent devices.
Alternately, as seen in FIG. 10C, the retrievable stent
device 500 has a very long expandable portion 510, such
that a proximal portion of the expandable portion may be
expanded in the catheter distal inner lumen while the
distal portion is expanded across the occlusion. In all
these implementations, the proximal end of expandable
section 510 has minimal structural elements that will al-
low the expandable section to be pulled easily into the
lumen of the catheter 320, and out of the access sheath
320, so as minimize impediment of thrombus aspiration
through the device. In these examples, the expandable
portion 510 is still engaged with the clot even when the
clot is aspirated into the catheter 320, and if the catheter
320 becomes corked, the device 500 is well-positioned
to clear the clot when it is pulled back. Once the retriev-
able stentdevice 500 has been removed from the luminal
portion 322 of the catheter 320, additional aspiration can
be applied to the site through the catheter 320 if it is still
partially orfully occluded. This step would not be possible
if the catheter 320 remained clogged; the catheter would
have to be removed and cleared outside the patient be-
fore being reinserted for additional aspiration. This con-
figuration of retrievable stent device 500 can be used
with either a conventional single lumen aspiration cath-
eter, or a spined aspiration catheter 320.

[0691] The implementations of device 500 as shown
in FIGs. 10A-10C may be used with known thrombecto-
my devices and methods to address the issue of cathe-
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ters clogging during thrombus aspiration.

[0092] In an implementation, the system includes an
aspiration source 600, as shown in FIG. 2A or FIG. 3.
The aspiration source 600 can be attached to the aspi-
ration line 230 on the access sheath 220. Examples of
aspiration source 600 include a syringe or an active as-
piration pump. The aspiration source 600 may be con-
nected to a delivery location, such as a receptacle. The
receptacle and source ofaspiration 600 may be separate,
such as a mechanical or electromechanical fluid pump
whose outlet is connected to a blood collection reservoir
ormay be combined into a single device suchas a syringe
or syringe pump. Alternately, the blood collection reser-
voiris connected to a source of vacuum such as ahospital
vacuum line or an air vacuum pump, and is thus the re-
ceptacle as well as the source of aspiration. A filter and/or
a check valve may be coupled with the aspiration source.
The pump may be a positive displacement pump such
as a diaphragm or piston pump, a peristaltic pump, cen-
trifugal pump, or other fluid pump mechanism known in
the art.

[0093] In an implementation, the aspiration source is
a variable state or multi-state aspiration source, and in-
cludes a mechanism to control the level of aspiration, for
example by modifying the vacuum level in the vacuum
pump, by modifying the power to the motor of a positive
displacement, peristaltic or centrifugal pump, or modify-
ing the syringe pull back speed in the syringe or syringe
pump. Alternately, the aspiration rate may be varied by
providing an element with variable resistance to flow, for
example parallel flow paths that can switch between a
high and low flow resistance path, flow orifices or lumens
that can be variably opened, or other means to vary flow
resistance. In an example, the aspiration source is con-
figured to have two levels of aspiration: a high level of
aspiration to be used when the catheteris in contact with
the thrombotic material, to aspirate the thrombotic occlu-
sion, and a low level of aspiration to be used during steps
in the procedure that are high risk of causing distal em-
boli, for example crossing the lesion or when flow is re-
stored to the vessel when a retrievable stent device is
expanded.

[0094] In another example, as shown in FIG. 11, the
aspiration source 600 further includes a flow sensor 275
that senses flow in the aspiration line 230, coupled to a
controller that controls the level of aspiration. The aspi-
ration source 600 can increase in aspiration level when
the flow rate is slow and decrease when the flow rate is
increased. In this manner, the force is greatest when the
catheter is clogged or partially clogged, but decreases
to a minimal level when there is free flow to ensure pro-
tection from distal emboli but limit the volume of aspirated
blood. In this manner, the system optimizes the thrombus
aspiration while limiting the amount of blood aspirated.
Alternately, the aspiration source 600 can include a vac-
uum gauge. When the flow in the catheter 320 is blocked
or restricted the pump creates a higher level of vacuum.
In this example the aspiration force may be configured
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to rise when higher vacuum is detected.

[0095] In yet another aspiration source implementa-
tion, the aspiration source 600 provides a cyclic level of
aspiration force, for example, an aspiration force that cy-
cles between a high level of vacuum to a lower level of
vacuum ata setfrequency, or from a high level of vacuum
tonovacuum, or from a high level of vacuum to apressure
source. A cyclic aspiration mode may provide a jack-
hammer type force on the thrombus and increase the
ability to aspirate the thrombus through the catheter. The
cyclic aspiration force may be enabled through solenoid
valves, a programmable pump motor, or the like. In an
implementation, cyclic aspiration is applied only when
clogged or restricted flow is detected in the aspiration
line, either through low flow or high vacuum, as discussed
above, and at other times, the aspiration source reverts
to a low level of flow, or be turned off. This configuration
may be controlled by the user, or controlled automatically
via a feedback loop to the aspiration source.

[0096] In an implementation, the system includes a
mechanism for passive reverse flow that is configured to
be connected to the aspiration line on the access sheath.
For example, the aspiration line is connected to a lower
pressure site such as a central vein, or an external re-
ceptacle set to zero or negative pressure.

[0097] In an implementation as shown in FIG. 11, the
flush line 236 may be connected via stopcock 238 to a
syringe 286 that may hold saline fluid or radiopaque con-
trast. Additionally the flush line 236 may be connected
to a flush source 288, for example, a pressurized bag of
saline. A valve 292 can control flow from the flush source
288 to the flush line 236. When the valve 292 is opened
to the flush line 236 a pressurized source of fluid is pro-
vided. In an implementation, the valve 292 is coupled via
a mechanical or electromechanical coupler 295 to the
aspiration source 600 such that the valve 292 is only
open when the aspiration source 600 is on. Alternately,
the valve 292 is coupled to a flow sensor 275 in the as-
piration line 230, such that the valve 292 is only on when
there is flow in the direction towards the aspiration source
600. In these implementations, the flow rate of the flush
source 288 is configured to flow just enough to keep the
proximal extension 240 clear of blood but not so high as
to cause flow to work against the aspiration flow and limit
aspiration of thrombus. An advantage of this implemen-
tation is that the proximal extension 240 remains clear
of blood and any emboli or air that is in the proximal ex-
tension 240 is clearly visible. This provides a feedback
to the user on when and if to flush the catheter with saline
or contrast via syringe 286.

[0098] Inanotherimplementation, the valve 292 is cou-
pled either mechanically or electromechanically to the
valve 242 that connects the sheath body 222 to the prox-
imal portion 240 of the sheath 220. The coupling 290 can
be configured such that the valve 292 can only be opened
when the valve 242 is closed. This feature allows the
proximal extension 240 to be cleared of blood via a flush
step, without risk of flushing emboli back through the
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catheter into the vasculature. The coupling 290 may be
configured in one of several ways For example, the cou-
pling 290 may always open the valve 238 when the valve
242 is closed, or the coupling may prevent the valve 238
from opening unless valve 242 is closed but that does
not automatically open.

[0099] Inanimplementation, the valve 292 is a variable
state valve that allows different levels of flush flow rate.
In this example, the valve 292 is configured to allow a
slow flush when the aspiration source is on a low setting,
a higher level of flush when the aspiration source is on
a high setting. In an implementation, the valve allows yet
ahigherlevel of flushwhen the valve 242is closed. These
configurations allow a continuous removal of debris
and/or clear visibility of the proximal portion of the access
sheath and minimizes the risk of distal emboli or air en-
tering the vasculature during the steps of the procedure.
For example, during the step when the distal tip of cath-
eter is being removed from the proximal hemostasis
valve 234, any clot that was captured on the tip of the
catheter may be liberated when the catheter is pulled
through the valve, but with the continuous flush the lib-
erated emboli would be flushed into the aspiration line
and notremain in the sheath where it might be re-injected
into the vasculature, for example during a contrast injec-
tion after the catheter is removed.

[0100] Again with respect to FIG. 1, the system 100
may include a kit of multiple devices. In an implementa-
tion, the kitincludes an access sheath system 200 where-
in the access sheath system includes an access sheath,
one or more tapered sheath dilators, and one or more
sheath guidewires. In another implementation, the sys-
tem 100 includes an access sheath system 200 and one
or more spined catheter systems 300 with one or more
inner diameters. In an implementation, the spined cath-
eter system 300 includes a spined aspiration catheter
320 and a tapered dilator 340. In an implementation, the
spined catheter system 300 also includes a catheter
clearing tool 350. In yet another implementation, the sys-
tem 100 includes an access sheath system 200, a ta-
pered catheter system 300, a microcatheter 400, and a
retrievable stent device 500.

[0101] Inanimplementation configured for transcarot-
id access, the kitincludes an access sheath 220, wherein
the insertable sheath body 222 length is about 23 cm,
the proximal extension 240 is about 22 cm, the connector
226 is about 7 cm and the proximal hemostasis valve
234 is about 5 cm, for an overall access sheath length
ofabout 57 cm. Inanimplementation, the kitalso includes
a spined aspiration catheter 320 wherein the catheter
distal luminal portion 322 is about 20 cm, the transition
section 326 is about 2-4 cm, and the spine section 330
is about 65 cm, for an overall spined catheter length of
about 88 cm. In another implementation, the kit also in-
cludes a tapered dilator 340 with a working length of 93
cm. In another implementation, the kit also includes a
microcatheter 400 with a working length of about 198 cm
and a retrievable stent device 500 with an overall length
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of 128 cm.

[0102] In an implementation configured for transfem-
oral access, the kit includes an access sheath system
220, wherein the insertable sheath body 222 length is
about 90 cm, the proximal extension 240 is about 22 cm,
the connector 226 is about 7 cm and the proximal he-
mostasis valve 234 is about 5 cm, for an overall access
sheath length of about 124 cm. The proximal portion of
the access sheath may be a removable proximal portion
280. In an implementation, the kit also includes a spined
aspiration catheter 320, wherein the catheter distal lumi-
nal portion 322 is about 20 cm, the transition section 326
is about 2-4 cm, the spine section 330 is about 132 cm,
for an overall spined catheter length of about 155 cm. In
another implementation, the kit also includes a tapered
dilator 340 with a working length of 160 cm. In another
implementation, the kit also includes a microcatheter 400
with a working length of about 165 cm and a retrievable
stent device 500 with an overall length of 195 cm.
[0103] In another implementation, the kit includes an
access sheath 220 with a removable proximal portion
280, and a single lumen aspiration catheter. In another
implementation, the kitincludes only the proximal portion
280 that can be attached to any introducer sheath suit-
able for the procedure. In this implementation, the kit may
also include a spined aspiration catheter 320 or a single
lumen aspiration catheter.

[0104] In any of these implementations, the kit may
also include an aspiration source, for example a pump,
an attachment to a vacuum pump, a syringe, a syringe
that is attachable to a syringe pump, or the like. The kit
may also include means for automatic flushing, for ex-
ample coupling means 290 or 292.

[0105] As described elsewhere herein, it should be ap-
preciated that reference to one implementation of an ac-
cess sheath system or catheter system is not intended
to be limited and that the kits described herein can incor-
porate any of the systems and/or ancillary devices de-
scribed herein as having any of a variety of features. For
example, where an access sheath is described as being
a part of a kit it should be appreciated that one or more
features of any of the access sheaths or access sheath
systems described herein can be incorporated. Similarly,
where a spined catheter is described as being part of a
kit one or more featured of any of the spined catheters
or spined catheter systems described herein can be in-
corporated.

[0106] FIGs. 2A and 3 illustrates methods of use. As
showninFIG. 2A, an access sheath 220 is inserted using
standard vascular access sheath into the femoral artery,
and advanced until the sheath tip is positioned at a site
as distal as safely possible in the internal or common
carotid artery. In FIG. 3, theaccess sheath 220 is inserted
directly into the common carotid artery, and advanced
until the sheath tip is positioned at a site as distal as
safely possible in the internal carotid artery. In either sce-
nario, the sheath may be advanced initially to the com-
mon carotid artery or proximal internal carotid artery, and
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then the dilator and is exchanged for a softer dilator be-
fore advancing the sheath more distally into the internal
carotid artery. The sheath is then secured to the patient
using a suture through the eyelet on the sheath connec-
tor. The sheath aspiration line 230 is connected to an
aspiration source 600 such as a syringe or aspiration
pump. The sheath aspiration line may also be connected
via a stopcock or stopcock manifold to a forward flush
line (such as a pressurized saline bag).

[0107] Once the sheath tip is positioned at the desired
location, it is secured to the patient. A spined catheter,
tapered dilator, and guidewire are pre-assembled in a
co-axial configuration and introduced through the sheath
proximal hemostasis valve into the carotid artery. The
spined aspiration catheter 320 is advanced through ac-
cess sheath and positioned until the distal tip is at the
treatment site. The devices are advanced using standard
interventional techniques until the distal catheter tip is at
the proximal face of the occlusion. A mark 332 on the
spine 330 ensures that there is stillan overlap region 120
between the distal luminal portion 322 of the catheter and
the access sheath body 222. At this point, the tapered
dilator 340 and guidewire can be removed. Inan alternate
implementation, a microcatheter 400 is used in place of
the tapered dilator 340 to help navigate the catheter 320
to the occlusion. During the procedure, the forward flush
is opened to the aspiration lumen to keep the lumen clear
before or between periods of aspiration. Atany point dur-
ing device navigation, aspiration may be initiated from
the aspiration source 600 at a level suitable for distal
embolic protection, for example when the guidewire or
microcatheter 400 is crossing the occlusion.

[0108] Once the distal tip of the spined aspiration cath-
eter 320 is at the face of the clot, aspiration is initiated at
a level suitable for aspiration thrombectomy, which is a
higher level than for distal embolic protection. The cath-
eter 320 may remain in aspiration mode against the clot
for some period of time, as deemed suitable by the user.
Depending on the results of the aspiration thrombectomy
maneuver (as observed by flow though the aspiration line
and/or resistance to backwards force on the spine of the
catheter), the user may determine that the clot has been
completely aspirated, or if not, the user may choose to
move the catheter 320 back and forth to aspirate the clot
in situ, or to slowly retract the catheter 320 into the sheath
220. If flow is restored to the artery via aspiration of the
clot through the catheter 320 and sheath 220, a final an-
giogram may be performed and the catheter 320 can be
retracted. If however, thrombus occludes the catheter tip
and cannot be removed, the catheter 320 is pulled back,
with some or all of the occlusion attached through suction
force to the tip of the catheter 320.

[0109] In the latter scenario, aspiration is maintained
at the tip of the catheter 320 the entire time the catheter
320 is being pulled into the access sheath 220. Once the
catheter 320 has been completely retracted into the ac-
cess sheath 220, the catheter 320 can be quickly re-
moved from the sheath body 222 while aspiration is main-
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tained on the sheath 220. It should be appreciated that
the catheter 320 may be withdrawn into the sheath body
222 after extending through the distal opening 219 at the
distal tip of the sheath body 222. Alternatively, the cath-
eter 320 may be extending through a side opening 219
near a distal end region of the sheath body 222 such that
withdrawal of the catheter 320 into the sheath body 220
occurs through this side opening 219. At some time dur-
ing catheter retraction, depending on if the catheter 320
is clogged with occlusive material, the aspiration level
may be changed from a high level desirable for aspiration
thrombectomy to a lower level desirable for distal embalic
protection. By providing the ability to maintain aspiration
continuously from either the catheter tip or the sheath tip
or the sheath distal region, and providing the means to
change aspiration levels and maintain asp, the procedure
optimizes the ability to aspiration clot while minimizing
distal embali and minimizing blood loss from aspiration.
If desired, aspiration may also be initiated at the flush
line 236 of the proximal valve 234, to reduce chance of
distal embolization during removal of the catheter tip with
possibly adhered clot through the proximal valve 234.
[0110] The spined aspiration catheter 320 may be re-
moved completely from the proximal hemostasis valve
234 of the sheath 220. Alternately, if the access sheath
220 has a proximal extension 240, the distal luminal por-
tion 322 may be pulled into the proximal extension portion
240. In the latter scenario, once pulled in, the catheter
320 and sheath 220 may be flushed to remove potential
embolic material without removing the catheter 320 com-
pletely from the sheath 220. A vigorous flush from the
proximalvalve flush line 236 simultaneous with aspiration
from the aspiration line 230 creates a flush environment
for the catheter 320 and sheath 220. If desired, a catheter
clearing tool 350 may be inserted into the sheath proximal
valve 234 and used at this time to clear the inner lumen
323 of the catheter 320. If the access sheath 220 has a
connector valve 242, the proximal portion 240 may be
closed off from the sheath body 222 during this stage,
so that there is no risk of flushing embolic material into
the sheath body 222 and thence into the artery.

[0111] Alternately, the valve 242 may be closed off and
aspiration paused while the proximal valve 242 is opened
or removed and the catheter 320 is completely removed
from the sheath 220. Closing the valve 242 limits the
blood loss from the sheath 220 as the catheter 320 is
removed. The catheter 320 may then be flushed onto the
table orinto a bowl or other receptacle, using the cleaning
tool 350. The proximal extension portion 240 may also
be flushed by providing a flush source 288 from the prox-
imal valve flush line 236 simultaneous with aspiration
from the aspiration line 230, or by opening a side port on
the aspiration line 230 to flush to the table or into a bowl
or other receptacle. If desired, an angiogram may be per-
formed to assess flow through the treated artery. If the
procedure dictates, the catheter 320 or another catheter
may be re-advanced as above over a guidewire and ta-
pered dilator 340 or microcatheter 400 to the site of the
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occlusion to attempt another aspiration thrombectomy
step. The flushing of the catheters and proximal exten-
sion portion 240 of the access sheath 220 minimizing the
risk of distal emboli during these subsequent steps.
[0112] In another exemplary method, a retrievable
stent device 500 can be used in conjunction with aspira-
tion to remove the thrombotic occlusion. FIG. 9illustrates
this method of use through either a transcarotid or trans-
femoral access site. In this scenario, the access sheath
220 can be positioned as above and advanced until the
sheath tip is positioned at a site as distal as safely pos-
sible in the internal carotid artery. The spined aspiration
catheter 320 can be then pre-loaded onto a microcatheter
400 and guidewire, and the co-axial assembly can be
introduced via the access sheath 220 into the carotid
artery and advanced into the cerebral vasculature. The
microcatheter 400 and guidewire can be advanced
across occlusion. The tip of the spined aspiration catheter
320 can be advanced as distal as possible but proximal
to the clot.

[0113] Atthis point, the guidewire can be removed and
the retrievable stent device 500 inserted through the mi-
crocatheter 400 until it too is positioned across the oc-
clusion. The microcatheter 400 can be pulled back to
deploy the stent. At any point during device navigation,
aspiration may be initiated from the aspiration source at
a level suitable for distal embolic protection, for example
when the guidewire or microcatheter 400 is crossing the
occlusion, or prior to stent deployment. By having aspi-
ration initiated before stent deployment, any emboli that
was liberated while crossing the lesion is not carried
downstream on restoration of flow in the artery, but is
rather captured into the catheter tip. While the retrievable
stent device 500 is deployed, aspiration may be main-
tained. Itis typically deployed for several minutes before
retraction of the stent is attempted, to maximize the en-
gagement of the stent struts to the occlusion. Then, the
retrievable stent device 500 can be pulled into the spined
catheter 320 and continued to be retracted until it has
been completely removed from the proximal valve of the
access sheath 220.

[0114] Alternately, the stent device 500 can be pulled
into the distal portion of the spined catheter 320, and the
stent device 500 and spined catheter 320 can be pulled
back together out of the access sheath 220. Aspiration
may be increased to a higher level during stent and/or
catheter retraction steps, to optimize aspiration of clot
and minimize distal emboli. If the access sheath 220 has
a proximal extension 240 with a valve on the connector,
the device 500 can be pulled into the proximal extension
240 and the valve closed, and then the proximal hemos-
tasis valve 234 may be opened widely and the stent de-
vice 500 or the stent device/spined catheter combination
may be pulled out. The proximal extension section 240
may then be flushed via the valve flush line 236 and the
aspiration line 230 before the same or alternate devices
are reinserted for another thrombectomy attempt, if the
procedure dictates.
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[0115] Alternately after placement of an aspiration
catheter 320, a long or segmented stent retriever 500
can be positioned as above with a microcatheter 400
such that part of the expandable portion 510 is across
the thrombus and part is in the distal segment 322 of the
catheter 320, and then expanded. After the expandable
portion 510 is expanded aspiration can be initiated so
that thrombus either is suctioned completely out of the
vessel and catheter 320 into the aspiration source 600,
or is suctioned into the distal tip and/or distal lumen 323
of the catheter 320. At that point, the long or segmented
stent retriever 500 can be carefully pulled into the cath-
eter 320, while maintaining aspiration. During this time
clot that has been clogging the catheter 320 and/or debris
that is liberated during this step should be aspirated into
the catheter 320. Complete removal of the stent retrieval
device 500 from the working channel 323 of the catheter
320 should free up the lumen 323 from occlusive material.
[0116] Inany of these scenarios, the aspiration source
may be a variable or multi-state aspiration source that is
configured to maximize the aspiration force on the throm-
botic occlusion while minimizing blood loss during peri-
ods of free flow in the catheter.

[0117] In another exemplary method, the access
sheath 220 has an occlusion balloon 246. As seen in
FIG. 7, the balloon 246 may be inflated during steps of
the procedure that are high risk for distal emboli, for ex-
ample retraction of the stent device 500 or the spined
catheter 320 with adhered clot. The balloon 246 has the
effect of stopping antegrade flow and increasing the force
of aspiration in the carotid artery, thus increasing the as-
piration of clot and reducing the risk of distal emboali.
[0118] In another exemplary method, the access
sheath 220 has an expandable distal tip. In this method,
the distal tip may be expanded sometime afterthe access
sheath tip has been positioned at the desired site, but
before retraction of the spined catheter 320 into the ac-
cess sheath 220. This method would reduce the chance
of distal emboli caused by the release of clot that was
adhered to the distal tip of the spined catheter 320, as
the distal tip is pulled into the tip of the sheath 220. In-
stead, the access sheath tip that is expanded or flared
out acts as a funnel to capture the entire clot.

[0119] Inanother exemplary method and as discussed
briefly above, the access sheath 1220 has a side opening
1219 (bestshown in FIG. 12C). In this method, the spined
catheter 1320 having a spined dilator 1340 extending
through lumen 1323 of the distal luminal portion 1322 of
the catheter 1320 can be advanced distally through the
lumen 1223 of the access sheath 1220 towards the distal
end region of the sheath body 1222. The distal tip of the
distal luminal portion 1322 of the spined catheter 1320
(which may having the spined dilator extending through
the distal luminal portion 1322 and forming a distal-most
end to the catheter system) may exit the lumen 1223 via
the side opening 1219 and then be further advanced dis-
tally beyond the distal tip of the access sheath 1220. A
ramp feature 1217 or other internal feature can be incor-
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porated atadistalendregion of the lumen 1223 to provide
a surface against which the tip of the dilator can be de-
flected to guide the catheter 1320 away from a longitu-
dinal axis A of the lumen 1223 of the sheath body 1222
towards the side opening 1219 to achieve a smooth tran-
sition or exit from the lumen 1223. The distal tip 1346 of
the dilator 1340 can abut against the ramp feature 1217
and be directed at a slight angulation away from the lon-
gitudinal axis of the sheath body 1222 towards the side
opening 1219. As described elsewhere herein, the
sheath body 1222 and thus the side opening 1219 can
be rotated around the longitudinal axis A such that the
one or more side openings 1219 are positioned to allow
for distal extension of the catheter 1320 from the side
openings 1219 in a desired direction relative to the lon-
gitudinal axis A of the sheath 1220. This will often be
dictated by the anatomy encountered by the operator.
Also as mentioned elsewhere herein, an overlap region
1120 is formed between the distal luminal portion 1322
of the catheter and the access sheath body 1222. A seal-
ing element 1336 can be positioned on the external sur-
face of the distal luminal portion 1322, for example, near
a proximal end region of the distal luminal portion 1322
and may be located within the overlap region 1120. The
seal formed can allow for full transmission of aspiration
force through the contiguous lumen formed by the lumen
1323 of the luminal portion 1322 and the lumen 1223 of
the access sheath body 1222 upon withdrawal of the di-
lator 1340 from the lumen 1323 of the luminal portion
1322.

[0120] In another exemplary method, the aspiration
source 600 is connected to a blood collection reservoir
that maintains the integrity of the blood in such a way
that the blood can be safely returned to the patient at the
conclusion of the thrombectomy portion of the procedure,
either directly or through subsequent treatment of the
blood such as cell washing and/or blood filtration. In an-
other exemplary method, the aspiration source is con-
nected to a blood shunt that is connected in turn to a
device such as a venous sheath or a venous return cath-
eterthat enables blood to be returned to the patientduring
the procedure and not requiring a blood reservoir. In an-
other exemplary method, the blood is collected in a res-
ervoir and subsequently discarded at the end of the pro-
cedure.

[0121] In another exemplary method, the access
sheath 1220 is delivered as described elsewhere herein
from a femoral insertion site to a right or left subclavian
artery or an external carotid artery. The access sheath
1220 may be delivered to a carina of a bifurcation be-
tween a target vessel having the embolus, such as the
internal carotid artery (ICA), and another vessel, such as
the external carotid artery (ECA). Once the access
sheath 1220 is in position a working device such as a
splined aspiration catheter 1320 can be delivered
through the lumen 1223 of the access sheath 1220 into
the target vessel. The lumen 1223 of the access sheath
1220 and the lumen 1323 of the catheter 1320 are con-
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tiguous and form a stepped up diameter for aspiration as
described elsewhere herein. An overlap region 1120 is
maintained between the catheter 1320 extending distally
from the lumen 1223 of the access sheath 1220. It should
be appreciated that the catheter 1320 can extend distally
from the lumen 1223 of the access sheath 1220 through
an opening 1221 at the distal tip of the access sheath
1220 or a side opening 1119 near the distal region of the
access sheath 1220. The body 1222 of the access sheath
1220 may be oriented to provide optimum placement of
the side opening 1119 relative to the anatomy. The over-
lap region 1120 between the distal luminal portion 1322
of the catheter 1320 and the access sheath body 1222
can create a seal and allow for full transmission of aspi-
rating force through the contiguous lumen formed by the
lumen 1323 of the luminal portion 1322 and the lumen
1223 of the access sheath body 1222, as well as provid-
ing a seal for delivery of fluids to the target vessel such
as angiographic contrast injection, saline, one or more
drugs or other materials directly into the neurovascular
anatomy. The spined aspiration catheter 1320 can create
amore powerful aspiration force by allowing for the work-
ing lumen 1223 of the access sheath 1220 to provide a
majority of the aspiration column. As described else-
where herein, the dimension of the lumen 1323 of the
distal luminal portion 1322 of the aspiration catheter 1320
may be less than the diameter of the lumen 1223 of the
access sheath 1220, which is reduced only by a diameter
of the spine 1330 extending therethrough. The increased
diameter of the lumen can create a larger aspiration col-
umnthan, e.g., an aspiration column of a large bore cath-
eter having a similar overall length. The spined aspiration
catheter 1320 may also be used as a supportive delivery
catheter, for example, where the operator wants to reach
the petrous carotid or other hard to reach landmarks with-
in the cerebral vasculature. More particularly, after deliv-
ering the spined aspiration catheter 1320 into the target
vessel through the working lumen 1223 of the access
sheath 1220, a secondary working device such as a
guidewire, microcatheter, stent retriever, etc. may be de-
livered through the lumen 1323 into a more distal anat-
omy to perform other procedural operations as described
elsewhere herein.

[0122] While this specification contains many specif-
ics, these should be construed as descriptions of features
specific to particular implementations. Certain features
that are described in this specification in the context of
separate implementations can also be implemented in
combination in a single implementation. Conversely, var-
ious features that are described in the context of a single
implementation can also be implemented in multiple im-
plementations separately or in any suitable sub-combi-
nation. Moreover, although features may be described
above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed
combination can in some cases be excised from the com-
bination, and the claimed combination may be directed
to a sub-combination or a variation of a sub-combination.
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Similarly, while operations are depicted in the drawings
in a particular order, this should not be understood as
requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all il-
lustrated operations be performed, to achieve desirable
results.

STATEMENTS
[0123]

1. An intravascular access system for facilitation of
intraluminal medical procedures within the neurov-
asculature through an access sheath, the system
comprising:

an aspiration or support catheter comprising:

a flexible, distal luminal portion having an
inner diameter defining a lumen extending
between a proximal opening at a proximal
end of the luminal portion and a distal open-
ing at adistal end of the luminal portion; and
arigid spine coupled to atleast the proximal
end of the luminal portion and extending
proximally therefrom; and

a dilator comprising:

a flexible, distal dilator portion sized to be
received within the lumen of the luminal por-
tion; and

a rigid, dilator spine extending proximally
from the dilator portion.

2. The system of statement 1, wherein, when in use,
the dilator spine aligns side-by-side with the spine
of the catheter.

3. The system of statements 1 or 2, wherein the distal
dilator portion has a tapered distal tip.

4. The system of any of statements 1-3, wherein the
dilator has a length at least as long as a length of
the catheter such that a distal tip of the dilator pro-
trudes from the distal opening of the luminal portion.
5. The system of any of statements 1-4, wherein the
dilator is generally tubular along at least a portion of
the length.

6. The system of any of statements 1-5, wherein a
proximal end of the catheter spine includes a grip-
ping feature configured for a user to grasp in order
to move the catheter through an access sheath.

7. The system of statement 6, wherein a proximal
end of the dilator spine includes a tab configured to
be locked with the gripping feature on the catheter
spine.

8. The system of statement 7, wherein when the cath-
eter and the dilator are in a locked configuration they
are advanced as a single unit through the access
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sheath.

9. The system of statements 7 or 8, wherein the grip-
ping feature and the dilator tab are removably cou-
pled such that in a locked configuration the dilator
tab engages the gripping feature and in an unlocked
configuration the dilator tab disengages from the
gripping feature.

10. The system of any of statements 7-9, wherein
the dilator tab is affixed to the dilator.

11. The system of any of statements 7-9, wherein
the dilator tab is slideable on the dilator to accom-
modate different relative positions between the dila-
tor and the catheter.

12. The system of any of the preceding statements,
wherein the distal dilator portion comprises one or
more detents on an outer surface configured to lock
with correspondingly-shaped surface features on an
inner surface of the luminal portion lumen through
which the dilator portion extends.

13. The system of any of the preceding statements,
wherein the dilator spine and the catheter spine have
a similar stiffness and kink-resistance.

14. The system of any of the preceding statements,
wherein the dilator has a visual marker on a distal
end and/or a proximal end of the distal tip.

15. The system of any of the preceding statements,
wherein a distal end region of the dilator is more flex-
ible and increasingly stiffens towards a proximal end
region of the dilator.

16. The system of any of the preceding statements,
wherein the catheter spine and dilator spine are con-
figured to cause bi-directional sliding movement of
the luminal portion through a lumen of an access
sheath and navigate the luminal portion into a cere-
bral vessel to reach a treatment site.

17. An intravascular access system for facilitation of
intraluminal medical procedures within the neurov-
asculature, the system comprising:

an access sheath having a sheath body com-
prising an inner diameter defining a lumen be-
tween a proximal end and a distal end of the
sheath body, and at least one opening from the
lumen near a distal end region of the sheath
body; and

an aspiration or support catheter comprising:

a flexible, distal luminal portion having an
outer diameter sized for insertion through
the lumen of the access sheath, an inner
diameter defining a lumen extending be-
tween a proximal opening at a proximal end
of the luminal portion and a distal opening
at a distal end of the luminal portion, and a
length between the proximal opening and
the distal opening; and

arigid spine coupled to atleast the proximal
end of the luminal portion and extending
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proximally therefrom,

wherein the rigid spine is configured to cause
bi-directional sliding movement of the luminal
portion through the lumen of the access sheath
and out the atleast one opening to navigate the
luminal portion into a cerebral vessel to reach a
treatment site, and

wherein a portion of the outer diameter of the
luminal portion fluidly seals with the inner diam-
eter of the access sheath when the distal end of
the luminal portion extends into the cerebral ves-
sel to reach the treatment site.

18. The system of statement 17, wherein the luminal
portion and the sheath body are concentrically
aligned and the lumen of the luminal portion and the
lumen of the sheath body form a contiguous aspira-
tion lumen from the distal end of the luminal portion
to the proximal end of the sheath body.

19. The system of statement 18, wherein the contig-
uous aspiration lumen is usable to aspirate fluid and
debris from the distal opening of the luminal portion.
20. The system of statements 18 or 19, wherein the
contiguous aspiration lumen is usable to deliver ma-
terials through the distal opening of the luminal por-
tion.

21. The system of any of statements 17-20, wherein
the contiguous aspiration lumen forms a step-up in
diameter where the lumen of the luminal portion
empties into the lumen of the sheath body.

22. The system of any of statements 17-21, wherein
the lumen of the luminal portion is shorter than the
lumen of the sheath body.

23. The system of any of statements 17-22, wherein
the luminal portion and the sheath body form an over-
lap region when the luminal portion extends distally
beyond the atleast one opening of the sheath body.
24. The system of statement 23, wherein the outer
diameter of the luminal portion approaches the inner
diameter of the lumen of the sheath body such that
a seal is formed by the overlap region.

25. The system of statement 24, wherein the seal is
configured to enable sealing against a vacuum of up
to 25 inHg, or up to 28 inHg.

26. The system of statement 24, wherein the seal
withinthe overlap region is configured to enable seal-
ing against a pressure of up to 300 mmHg.

27. The system of any of statements 24-26, wherein
the sealis located distal a proximal end of the luminal
portion and proximal to the at least one opening of
the sheath body.

28. The system of any of statements 24-27, further
comprising a sealing element positioned on an ex-
ternal surface of the luminal portion.

29. The system of statement 28, wherein the sealing
element includes a stepped up diameter or protrud-
ing feature in the overlap region.
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30. The system of statement 28, wherein the sealing
element comprises one or more external ridge fea-
tures.

31. The system of statement 30, wherein the one or
more ridge features are compressible when the lu-
minal portion is inserted into the lumen of the sheath
body.

32. The system of statement 28, wherein the sealing
element comprises one or more inclined surfaces
biased against an inner surface of the sheath body
lumen.

33. The system of statement 28, wherein the sealing
element comprises one or more expandable mem-
bers actuated to seal.

34. The system of any statements 17-33, wherein
the sheath body has an outer diameter suitable for
insertion into the carotid artery.

35. The system of statement 34, wherein the outer
diameter of the sheath body is between 5Fr and 7Fr.
36. The system of any of statements 17-35, wherein
the sheath body has a length between the proximal
end and the distal end suitable for locating the distal
end of the sheath body at the petrous portion of an
internal carotid artery from a transfemoral approach.
37. The system of statement 36, wherein the length
of the sheath body is between 80 cm and 105 cm.
38. The system of any of statements 17-37, wherein
the length of the luminal portion is between 10 cm
and 25 cm.

39. The system of any of statements 17-38, wherein
the length of the luminal portion is less than a length
of the sheath body such that as the catheter is re-
tracted into the sheath body a seal remains between
an overlap region of the luminal portion and the inner
diameter of the sheath body.

40. The system of any of statements 17-39, wherein
the spine is longer than an entire length of the sheath
body.

41. The system of any of statements 17-40, wherein
the luminal portion includes three or more layers in-
cluding an inner lubricious liner, a reinforcement lay-
er, and an outer jacket layer.

42. The system of statement 41, wherein the outer
jacket layer is composed of discreet sections of pol-
ymer with different durometers, compositions,
and/or thicknesses to vary the flexibility along the
length of the distal luminal portion.

43. The system of any of statements 17-42, wherein
the outer diameter of the distal luminal portion is
sized for navigation into cerebral arteries.

44. The system of any of statements 17-43, wherein
the inner diameter of the distal luminal portion is be-
tween 0.040" and 0.088".

45. The system of any of statements 17-44, wherein
the outer diameter of the luminal portion approaches
the inner diameter of the sheath body creating a
sealed area at an overlap region while still allowing
the catheter to move through the sheath body.
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46. The system of any of statements 17-45, wherein
the catheter is tapered towards the distal opening
such that a distal-most end of the luminal portion has
a smaller outer diameter compared to a more prox-
imal region of the luminal portion near where the lu-
minal portion seals with the sheath body.

47. The system of any of statements 17-46, wherein
the distal end region of the sheath body comprises
an occlusion element.

48. The system of any of statements 17-47, wherein
the distal end region of the sheath body comprises
an expanding distal tip.

49. The system of any of statements 17-48, wherein
the at least one opening from the lumen comprises
a side opening located a distance away from a distal
tip of the sheath body.

50. The system of any of statements 17-49, wherein
a distal tip of the sheath body further comprises a
ramp feature configured to direct at an angulation
the catheter away from a longitudinal axis of the
sheath body lumen outthrough the atleast one open-
ing.

51. The system of any of statements 17-50, wherein
the spine is longer than an entire length of the sheath
body.

52. The system of any of statements 17-51, wherein
the spine is a wire having an outer dimension from
0.014"to 0.018".

53. The system of any of statements 17-52, wherein
the spine is ahypotube having aguide-wire passage-
way extending therethrough.

54. The system of any of statements 17-53, wherein
the spine is a ribbon having an outer dimension from
0.010" to 0.025" thick.

55. The system of statement 54, wherein the ribbon
is curved along at least a portion of an arc.

56. The system of any of statements 17-55, wherein
the spine is configured to rotate the luminal portion
around a longitudinal axis of the access sheath.
57. The system of any of statements 17-56, wherein
the spine is eccentrically coupled to the luminal por-
tion and the spine extends proximally from the lumi-
nal portion to outside the proximal end of the sheath
body.

58. The system of any of statements 17-57, wherein
the proximal end of the luminal portion has an angled
cut.

59. The system of statement 58, wherein the angled
cut is generally planar or is curved.

60. The system of any of statements 17-59, wherein
the sheath body has one or more visual markers on
the distal end region of the sheath body.

61. The system of any of statements 17-60, wherein
the distal luminal portion has one or more visual
markers at a distal end region of the luminal portion,
a proximal end region of the luminal portion or both.
62. The system of statements 60 or 61, wherein the
one or mare visual markers on the sheath body and
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the one or more visual markers on the luminal portion
are visually distinct.

63. The system of any of statements 60-62, wherein
the spine has one or more visual markers.

64. The system of statement 63, wherein the one or
more visual markers of the spine indicates overlap
between the distal luminal portion and the sheath
body.

65. The system of statements 63 or 64, wherein the
one or more visual markers of the spine is positioned
so that when the visual marker of the spine is aligned
with a portion of the access sheath, the catheter is
positioned at a distal-most position with minimal
overlap length needed to create a seal between the
catheter and the sheath body.

66. The system of any of statements 17-65, further
comprising a dilator comprising a flexible, distal di-
lator portion having a distal tip and sized to be re-
ceived within the luminal portion of the catheter.
67. The system of statement 66, wherein the dilator
is a tubular element along at least a portion of its
length.

68. The system of statement 66, wherein the dilator
is a solid rod formed of malleable material configured
to be shaped by a user.

69. The system of statement 66, wherein the dilator
further comprises a rigid, dilator spine extending
proximally from the dilator portion.

70. The system of statement 69, wherein the dilator
spine is coaxial.

71. The system of statement 70, wherein the coaxial
dilator spine has a lumen extending through it.

72. The system of statement 69, wherein the dilator
spine is eccentric.

73. The system of any of statements 69-72, wherein
when in use the dilator spine aligns side-by-side with
the spine of the catheter.

74. The system of any of statements 66-73, wherein
the distal tip is tapered.

75. The system of statement 74, wherein the dilator
has a length at least as long as a length of the cath-
eter such that the distal tip protrudes from the distal
opening of the luminal portion.

76. The system of any of statements 69-75, wherein
a proximal end of the spine includes a gripping fea-
ture configured for a user to grasp in order to move
the catheter through the access sheath.

77. The system of statement 76, wherein a proximal
end of the dilator spine includes a tab configured to
be locked with the gripping feature on the catheter
spine.

78. The system of statement 77, wherein when the
catheter and dilator are in a locked configuration they
are advanced as a single unit through the sheath
body.

79. The system of statements 77 or 78, wherein the
gripping feature and the dilator tab are removably
coupled such thatin alocked configuration the dilator
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tab engages the gripping feature and in an unlocked
configuration the dilator tab disengages from the
gripping feature.

80. The system of any of statements 77-79, wherein
the dilator tab is affixed to the dilator.

81. The system of any of statements 77-79, wherein
the dilator tab is slideable on the dilator to accom-
modate different relative positions between the dila-
tor and the catheter.

82. The system of any of statements 66-81, wherein
the distal dilator portion comprises one or more de-
tents on an outer surface configured to lock with cor-
respondingly-shaped surface features on an inner
surface of the luminal portion lumen through which
the dilator portion extends.

83. The system of any of statements 69-82, wherein
the dilator spine and the catheter spine have a similar
stiffness and kink-resistance.

84. The system of any of statements 66-83, wherein
the dilator has a visual marker on a distal end and/or
a proximal end of the distal tip.

85. The system of any of statements 66-84, wherein
a distal end region of the dilator is more flexible and
increasingly stiffens towards the proximal end region
of the dilator.

86. The system of any of statements 17-85, wherein
the access sheath further comprises a connectorthat
connects the proximal end of the sheath body to a
proximal hemostasis valve.

87. The system of statement 86, wherein the proxi-
mal hemostasis valve has an adjustable opening
sized large enough to allow removal of the catheter
without dislodging any clots thereon.

88. The system of statement 86 or 87, wherein, when
in use with the access sheath, the rigid spine of the
catheter extends proximally from the luminal portion
through the access sheath lumen and out the prox-
imal hemostasis valve of the access sheath.

89. The system of any of statements 86-88, wherein
the connector provides a connection of the proximal
end of the sheath body to an aspiration line.

90. The system of any of statements 86-89, wherein
the connector has a large bore inner lumen and con-
nects to a large-bore aspiration line.

91. The system of statement 89 or 90, wherein the
aspiration line connects to an aspiration source.
92. The system of statement 91, wherein the aspi-
ration source is an active aspiration source.

93. The system of any of statements 89-92, wherein
the aspiration line connects to a forward drip or flush
line.

94. The system of any of statements 17-93, wherein
the access sheath further comprises a proximal ex-
tension portion such that when the distal luminal por-
tion ofthe catheteris withdrawn from the sheath body
lumen it remains within the proximal extension por-
tion.

95. The system of any of statements 17-94, wherein
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the inner diameter of the luminal portion is sized to
permit placement of an interventional device through
the luminal portion.

Claims

A dilator (340, 1340) for facilitation of intraluminal
medical procedures within the neurovasculature, the
dilator (340, 1340) comprising:

a flexible distal dilator portion (1360) having a
proximal end region and adistalend region (346,
1346) having a distal tapered tip (346, 1346), a
single lumen, and an outer diameter, wherein
the single lumen extends longitudinally through
the dilator portion (1360) to a distal opening at
the distal tapered tip (346, 1346); and

a spine (1362) extending proximally from the
proximal end region of the dilator portion (1360),
wherein the spine is made of a different material
than the dilator portion and has a single lumen
that communicates with the single lumen of the
dilator portion (1360).

The dilator of claim 1, further including a first radio-
pagque marker (344) at a distal end of the distal ta-
pered tip (346, 1346).

The dilator of claim 1 or claim 2, further including a
second radiopaque marker (343) at a proximal end
of the distal tapered tip (346, 1346).

The dilator of claim 2 or 3, wherein the flexible distal
dilator portion is made of polymer.

The dilator of claim 1 or 4, wherein the spine is made
of metal.

The dilator of claim 1 or 5, wherein the distal dilator
portion has a variable stiffness between the distal
end region and the proximal end region, wherein the
distal end region of the distal dilator portion is made
of a more flexible material than the proximal end re-
gion with increasingly stiffer material moving proxi-
mally.

The dilator of claim 1 or 2, wherein the outer diameter
is generally tubular along at least a portion of the
flexible distal dilator portion.

The dilator of claim 7, wherein the tubular portion
extends along the entire length of the dilator.

The dilator of claim 7, wherein the outer diameter is
sized to be received within alumen of a catheter, the
lumen having an inner diameter sized to receive the
dilator in a slip fit, optionally wherein the outer diam-
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eter of the dilator is about 1.778 mm and the inner
diameter of the catheter is about 1.828 mm

The dilator of claim 1, 2 or 3 wherein the distal ta-
pered tip (346, 1346) has a length between 1.5 cm
and 3 cm.

The dilator of any of the preceding claims further
including a proximal female luer adaptor (348) at a
proximal end of the proximal end region of the flexible
distal dilator portion.

The dilator of claim 1, wherein the spine has an outer
diameter that is equal to the outer diameter of the
flexible distal dilator portion.

The dilator of claim 1, wherein the spine has an outer
diameter that is less than the outer dimeter of the
flexible distal dilator portion.

The dilator of claim 1 or 2, wherein the lumen of the
flexible distal dilator portion is sized to accommodate
a guidewire having a diameter between 0.356 mm
and 0.457 mm, or, wherein the inner luminal diam-
eter of the flexible distal dilator portion is between
0.508 mm and 0.620 mm.

Thedilator of claim 1 or 2, wherein the outer diameter
of the flexible distal dilator portion (1360) is sized to
be received within a lumen of a catheter (320, 1320)
and form a smooth transition between the flexible
distal dilator portion and the lumen of the catheter
(320, 1320).
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connected onto the dilator base; the dilator tube penetrates through the sheath base and is inserted inlo the sheath tube; the
device is used for locking and uniocking the sheath base and the dilator base and comprises a fastening mechanism and a
releasing machanism which are arranged between the sheath base and the dilalor base, wherein the fasiening mechanism is
suitable for fastening the diator and the sheath base when the dilator fube is pushed inio the sheath {ube, the releasing
mechanism is suitable for enabling the dilator {o produce maoving force of the dilator relative {0 the sheath {ube in a rolating
process of the dilator base relative {0 the sheath base, and then the sheath base is forced {o be released from the dilator

hitps: //iworidwide espacenet. convpatent/search/family/05745858%/publication/CN108178227A7q=CN106178227 11

-557-



(19) Frte A RFFEE KR~ HUE et
(12) BEREFIRiF i

QU EREOTEE (N 108178227 A
{43y RIF TR E 2016, 12,07

(21) BEiB2 201510218753, 4

(22) BHIEE 2015, 04. 30

(TRRBA WEH il fif DOk

(74 % H 1*’@?‘1?’]

REA T
(51} Int. GI.

AGIH 25/07(2006.01)

AsTH 79/(}(.7[“/ )8, ‘)1\)

A4 5

(54) BEEZR

ey
\
§ é
(1
KWW |
eI
X
......... |
ey’ ol \'\ g
3 3
; &

-558-



CN 106178227 A :%2 %ij % ;{%‘E :ﬁ V1w

SHAL TR SRR E, BTk
’ ﬁ? R AR AL TR

s hiﬁlnﬁ }* / 5

A EHANB TR

P ;rr)*m,&aﬁ f«‘ﬂ\a‘-m 3 j FEFTIR 9K 5 e A % ,‘7<

AR TR B AR A g R R R A T
2 WM ER | BT AR E, R T anaﬁu ¥

X HE BN T IR A O T R B M 5 2 ﬂﬁ*f*ﬁ SRR R

SCHRUHIE R | BRI, JAFETE T, i A B R RS ek i A S PR g Tk B
PR 2 D - T AR A R, DA - O SRR O R PR I R R R ﬁwa
:;K}?Ea?% Al LA B B AR B A n R i A 3 g Al ke (R Bl B B 5 Bk 49
H AR, BN A PR B AR %‘:%%;é%ia

4, éii'i'ff‘}l’/“i ”J‘/J‘ﬁ Hri B8, HAFGELC -+, R e @t o VR 45 04 I W A 3
2 M HE R

5. WA R 4 L:TWH’J BA%«’rf:"j“,P)rri,{)\{’if}

6. RCRIZL R 4 FTR (T, ﬁf‘”‘v’i\‘/ix‘{ﬁéﬂa;-h

IR ES Y, Brd e i(?:f &Jéifﬁ’fhw h)* ;
PEIRTEEE F I Bk o ORISR =

:’:‘b i Py
*&v%%

it Jep Br
ARNVIE TIPS N

IR AR LR 8 TR AL E
iﬁ)sk%:% ALt Fip H“"‘ L *JmT TR A f
WE T IR SR H T e SR b R TR J
L0, IR e, WERTE T, i*f‘Mi“' u‘nﬁ?
TNWE L R AR AN AN i g s e, B ﬂ<Tﬂr” PR i 4
TRHEL BT R AN A ﬁ R O R s A ,,F,ui&
R, BT B,

Af*fr

JF ﬂ R EE

= ,%’EM‘EF% H LA |

©2

-559-



ON 106175227 4 # O B .

PUE BE A AR RE

BRI

[eo01] A% Bﬂwﬂ PR B B MET RS AT AR
b RS B BT SR T O ) LT A i T RE R

HEEAR
Eoeﬂw :1’ EZH;H i\m 1 _i ATV A é‘é&tf‘r) FR -”'/J ’z\,ﬂ RIS Ty, ,l,K:'
»'%],dinv’e'f%‘;‘z?f\ { {{j

AL

L

\un J\j F hrl'u' - 1

v PR ,J;U’xf-%‘ﬁh,w ,j rfi\ax;:e:m EA;\_ .
Ak R %Hst\% XH Rtz
FE T, ol f.i””“‘ =t }1*} \gg s

76“3”‘ {\ E%Lhm = HIER T

[o004l e SR R e R At
BUEAH J ;
Ecocsa:
H‘fj +

faseon

,‘}'Vw """" AL

FEIE ’Jﬂf ff‘igf}m h{ri;é; %‘”

~/7

i LA

M, BTk %zqw Jm ﬁ, ) .
”"35" e !«MF» Pﬁ %\ mﬁﬁ AR &

B AR PR BT R Em‘“ MM’: £
TR AT AN TR R AR
{ﬂOC-c’)i e «,L,;i:“" B R _;.I

ZAE)

Ae LA & hEsh
[00073  Hddfs 4c A28 F’(‘J"ff‘“”‘iﬁiﬁéﬁ@‘ﬂ i TR E
R rep i E A — M A, a\/z S bﬁ
T iv‘{”v%ﬁiﬂ%sr—ia‘iwj} =/A'-'“ij-*?*ﬁf’17ﬁ'dﬂ BRI AR
kA R A A A B, T R R R "—'.',

[cocsl Tﬁi}F“T\ A PP A A ST AR }zﬁ,ﬂf,ﬁx%ﬁﬁ% i ki m!d}/é RS O PR A 2 LD

’% 3y

<

-560-



CN 106178227 | i«!‘;é Eﬁ :E:g 2/4 9

Ecoo?j %‘i&f&f»\/xﬂéﬁﬁm Lot e, BTRSEIR
[co10}  IRIEA RIS 'ﬂﬂﬂﬁ‘ﬁﬁﬁ\”f PEIRIE 5447 ik
SEAL), FTIRY B A I ELAT B EHR R AR, IR ::iwﬂ‘/ ”%%L\mﬁﬁ_ !
RIE S A BT o o i f;/*%r}f*’ﬁ”~'i it UFU\%JL% 1, S A B A
ool ARHEAR IR EESL R B, BT R S - PR B S A Wﬁ*zﬁﬂ%hzm;
JUAT AU H A B M i A

[0012]  MREEAR M AR b, ﬁﬁ‘--‘ﬁ‘c%aﬁfnfrfhﬁ:-ﬁu“ﬁﬁ/ Mr t‘erL
PLRCAT T PR B 8 b I, o o B S A By R A B8 B i
[0013] %Mﬁwwmaﬁv@w{mﬁwu%&%m@%% wh,=;
e R i g | i:iﬁ Eiﬁ?‘sﬂ’ﬂ%, 2, 3F H BT

i

P ARAT IS

I BRI R

el e L R AT
.
;]«Z\/I\]ED

NE AR 'i'!ﬂ!f;:/a.b ”F ﬁfrtﬁ"b il%‘ [" 7‘1 'fJ;fJ:l;TZes‘a—Wzﬁ, r'!\__L
RO AN R AT T R A A IR A S, BT RE A ik
Rl .

oo1s]  AEBN TP, 783 NI ] S0 B
L S "a@ﬁif-‘?“‘/ﬁgm 37 LM':
BIFR FEME i
2y, A R i 'éﬁ m .

:):j\;,,,)z
ATWE WA W B R B O g

B B8R

[0otal  RHHAG ARG BL A B

/"'"

ABIEGE PR R 2

L R A R ) S
L B R

2 ?fvﬁi” sﬂ/f LR g

S| ah Ié*} TR AR HE N BB R B L I
: PR R B R R, R T AN

P':'T‘Ji\ga@ PR A A o BRI

HTTR S B R A A R wor | AR

SEREI B Sy U R VRV J ;

F SRR A S BRI RS ], R T R

AR A RS A B ,»?»;—mwl\@ W, Hoddos A

%H“ 1/\.113'3&4 ;7\!2'!/1:

[co,\A
f00211
[0o22}
fa023]
[o0241
[0025]
[0026]
[00271
[eo2s]
[0o25]

= NS

/{

BESRER

-561-



ON 106175227 4 # O B .

500301

Eooax g e ik
ﬁ» {/—.— g/\ 1

[00321

L 5 SR T

, B 74 B AL
2 ﬂifww { *ﬂif“‘]\’g 8, 5}‘ '{w}zi 8 ﬁf‘- i
HA ’W?} ‘ﬂimv B ﬁJja J—_Ur j Wr+w 5 ATk AR A 1 @”)\E
SN a T Ed
1 ST ;"‘aKra»sé*:»JMwwjj R
BRI RSB 0, B L?bi AR A AT . N AR I
BB Atk i, ém R "i\"‘ Eﬂ’ﬁ?' %’fﬂﬁ*‘?’F

B Ry | e
I\nr/"k‘ 1 F

P A I

2 i Ky
ﬁﬁ i AE

e fw
B Hid

BN A
[00331

fil 2R i 3,
LTﬂ:&khmfi .
i* W'Ea AR R W R, ',ﬁ“é AT 10,

JK,

49,’\,
2 %" i 01 l\ Tg 3 %
i FAE 2 A0THE 3 '\”L\F“J“»ié,;x/
HTM """ R R

[00341 ] 4 Rl 6 B, ik E B | HOE PR 1A BUR B R 69 2 AN T 9,
»//\*L 9} Jx PR IME KT B 2 A s G sk BHEA S *?E;a ‘*r.érf & mm\
F109 fEAH AT & B 5=J’&m R AT
i JJ, Mu CRCIEHREE B :‘F;ffﬂ{ HEEG N E/, ﬂJ ,,%4,/,\-&,;:
*P‘Mﬂﬂﬁ%ﬁﬁ@&%ﬁﬁ_ o ﬁ&ﬂ%ﬂ AR B, Bt o DLAR
r‘iﬂf% FRAR R TR IR, - T i:“ 2l R B R ] DA
gk AR DA, WEAU M ef LU E T S,

[ooss] s %mx} Fﬁf\ﬁﬂ 3%2%@ 4%“, YRR L1 PR 5 BT EE RIRE A
et RS IR NN FEER - PEVR TSI 11 B PRIB A 12 ae ik
AR 5 ia%’*/\«{\m fff o f ,4'r:<ffET}/:2§M LS ORI EE R 12 SRV BEAE
xﬁ%ﬁmﬁﬁ%ﬂ&ﬁﬁ$ﬁaﬁwﬁﬁf'}&Jmkii """ ERCE e gan s
ACHUER R A SO R U AR B BRI A I 11 B TR A 12 R B R AR AL
i, A BRFUHLAL s SUASER T ik, ey :J{r'f‘if SRR R #j %“ 4L *’Hu$°~
PSRRI i }:%LE«WU B4 ﬁ%{vﬁa "fa‘fs‘ HCHE R ] DU R, i g
I Jrskaadl o8, PRV AN . B mz, iﬁ/‘%%;ﬁw&kﬁ
KHEERIES], ,-'.\.}\ T S R | ’k vjw i‘JJZI .

iz

IF

’m1%5ﬂ25,ﬂ1£*3\33f¥ lﬂj;
'1°xﬂw{ ————— A i
~PE IR FAEE R L Rl R

5

-562-



CN 106178227 A i«!‘;é Eﬁ :E:g 4/4 91

R ] o I 1
o7

foo3ed W9 B AR, A E S, HEF
s e B A BT I L
Hi ija,wqi*" , ks i,.ff’#ﬁi J,T;\‘f&/!»
[0039] =
Hi

‘ ) F FJS Tﬁﬂ»jﬁﬂﬁ;{\u /{\
;&HHI“%E@“?%ﬁw&q~ﬁ;m%ws%%¢ﬁgq
L3 0 B e A Ml e ;

TR RS A AR ST R Bl

Y

JEN.

-M 7:3” SRR

u‘n/f FL-EF},J/J}[ ¥ > 1544 {Z‘I b :"{' i
i r‘? 5 ﬂ ’;,\f,i Hﬁjﬂz,ﬂ, “\ i]ﬂ’i‘l’[ﬂf‘*%?)k ?1’3'?10 ,,I& B —

7 i’iﬁiﬁl‘iﬁ‘ i

%W’ "‘ 1?,7/}‘\4 f»‘”X”f\
: ' PR EE A HJ)““
C R AL, AR A IRA

=4

/f\ Lb 3«;(‘ 47

A TR TR ,E\-;ﬁ?m,.x

31 ft/xﬁﬁ”’%ﬁ/ N
Joi':i'“ﬂ;'“ TN ,A/filxkrﬂmﬂmm%ﬁ T, 327‘“’3’{*”—[
Ak a?:}‘",{\ﬁm fr{;@:ﬁ‘*mr iri—/\ A‘?/\f‘ﬁv e
5 irL I fiﬁ»ﬁ AA 'f\M’é] ]
”,waﬁj ORAS AP R EOR 1 .
R, TR, AR BLIR DU //b/wn "“‘-THTfTFTf H
e f«i’fliﬁ Eﬁ)\mrmxemwif}u,f = ’J,'EVH‘«{B{’J
b, MR R B B AR B R AT SR A 4»&‘ YRR R

2 SR RV B, EIVE N AR BRI EE SR B R S I R

Z0

-563-



A i;é Eg :% B’I;J\ L’g 1/

-
b=

it %

o e §

S—— }‘

T |
N

42

4

i

-3

-564-



ON 106175227 A wOH OB O E

-3
=

g

SR

-565-



ON 106175227 A wOH B O E

S
=

e

§, N
£

E"’“
%

i
X

28

mmmmmmmmmwwmwmmmwmmmwmm@
% &®
A &

.,

=

-566-



ON 106175227 A wOH B O E

=

R NN RO NN
RPN S

NSNSy

e HA AP i

K8

-567-



_’i} 1
=
=

ON 106175227 A wOH B O E

s 8 ARA G ot SV

-568-



ON 106175227 A wOH B O E

=

1

T
o

e g g S gk

\\\\\vwvr«):‘ :

"~

-569-

1.4



CN 106178227 A

it

B H

i)

-3

~J

=

13

-570-



PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

T BENJAMIN B, CASHDOLLAR ; POCT
PERKING COIE LLP |
P.0. BOX 1247
SEATTLE, WA 88111-1247 NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

{PCT Rule 44.1)

SERHART COGR e Diate of mailing
JUL 20 2023

{ Applicant's or agent’s file reference

POR FURTHER ACTION  See paragraphe | and 4 below
111582-8033W000

Internationa! applivation No. Intornational filing date

ey £
POTILS 2350027 (ohpmanitilyen} 19 January 2023 (19.01.2023)

Applicant INARI MEDICAL, ING.

i. N The spplicent {3 heveby notified that the intermational search report and the written opinion of the Intemational Searching
Authorily have besw estublished and are travsraitied herewith,

Fiting of armendments and statement under Artiele 19:
The applicant is entitled, if he so wizshes, to amend the claims of the international applivstion {see Ruls 48}

When?  The time limit for filing sbich amendments is normally two months from the date of transmittal of the international
seargh report,

How?  Drsctly to the Intarnations] Bursas preferably through ePCT, or on papsr o
The Internaiional Buseau of WIPD, 34, chemin dos Colombettes, 1211 Genova 28, Switzerland

For mors detailed instructions, see the PUT dpplicant s Gulde, Internations] Phase, parsgraphs 3.604 - 2.011

2. Zj The applivent is hereby sotified that no Intersstiong! -sesrel sepoit will be established wnd that the declantion wnder
Article PR wthat effcct and the written vpinios of the Intemstional Searching Authority srs transmitted herewith,

3 D With regard o any protest against payment of (an} additions] fee{e) vnder Rule 40.2, the appiicant is notified that

[:; the protest ogether with the decision thereon has been teansmitted 1o the International Burean iogether with any request
io forward the texts of both the protest and the decigion thereon jo the designated Offices.

no decision has been made yet on the prolest; the applicant will be notified as soon as & decision is made.

4, Reminders

The applicant may submit comments on an informal basis on the writien opinion of the International Searching Suthorily o
the International Burean, These comments will be made availsble o the public after inlornational publication. The Intemationad
Bureau will send a copy of such comments to slf designated Offices unless an internstions! preliminary examinstion report has
been or is to be cstablished.

Shortty after the expiretion of IR months from the prierity date, the internstionsl application will be publizhed by the
International Bureay, [fthe applicant wishes 1o avoid or posipons prblication, a netice of withdeswai of the internstionsa] application,
ot of the priority claim, must reach the International Bureau before the completion of the lechnical preparations for international
pubfication (Rules $05i0.1 and 305453}

Within 13 meonths from the pricrity date, but only in respest of some designated Offices, a demand for intercations! preliminary
examination must be filed i the applisant wishes to postpone the entry into the nations! phase until 3§ months from the priority
date (in soine Oifices even lafer); otherwise, the spplicant must, withis 26 monthe fom the priority date, perform the prescribed
aets for entry buto the aational phase before those designated Offices. In respect of other designated Offces, the time limit of
238 months {or Iater} will apply even if no demand i3 filsd within 19 months, For details about the applicable time lmits, Ofice
by Office, see wwwowipo. intfpetfonfents/time_limits kim] and the POT dpplicant s Guide, Nationa] Chaplers.

Within 22 months from the prisrity date, the applicant mey reguest that o supplenentary infernational search be carvied out
by & different International Searching Authority that offers this service (Rule 4351 1), The procedure for requesting supplementary
internationa! search is described in the PUT dppficant s Guide, Internationa! Phase, parapraphs 8.006-8.032,

MName and mailing addeess of the ISA/US Authorized officer

Mail Step POT, Aftn: (SIS
Cormeeissionses for Patents
P.0. Box 1450, Algxandria, Wirginla 22313-1480

Facsimile No. 571-273-8300 Telephone Mo, PCT Hedpdesk: &871-272-4300

Kari Rodriquez

Form PCTASARZZY (rovised fanuary 2020}
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PATENT COOPERATION TREATY

PCT

INYERMNATIONAL SEARCH REPORY
{PCT Axticle 18 and Rules 43 and 44)

App!icani’s or agent’s fle reference FOR FURTHER ACTION
111552-8033W0OL0 see Form POTASARI0 as well as, where applicable; iom § below,
International application Ne. Intemmational fling date {dapimonthiveast {Earliest) Priority Date fdaymontivhear)
POTAIS 23/80827 18 dapuary 2023 (18.09.2023) OF Fabruary 2022 {08 .02.2033)
- Applicant

INARE MEDCAL, ING,

This international search report has been preparcd by this International Scarching Authority and is transmitted o the applicant according
to Article 18, A copy is being transinitted to the International Bureau,

This international search report sonsists of a total of gé; sheets.

E it is also accompanied by & copy of each prior art document cited in this repost,

1. Basis of the repust
g With regard to the languags, the Intermational search was carvied ouf on the bagls oft
the international spplication in the language in which i wag filed,

» tranglation of the nternational application into which i the langusgs of
3 transation furnished for the purposes of internations! search (Rudes 13.3¢a) and 2300

b [::! This internstions] seareh report hayboen extablished taking Into account the restifeation of an obvicus mistale snthorized
by or votified lo this Authority wnder Rule 31 Rule 43.680s{a)).

% [::] With regard 0 any nuclectide zad/or amins soid seguence disclosed in the intermnational application, see Box No. L

2 i:j Certain claims were found unsezrchable (see Box No. ).

[:] the text has been eatablished by this Authority to read as fhllows:

3. With regard to the abstract,
the text is approved as submitted by the applicant.

sk iinhed e Ce Wade IR Y b itie & sithesiis
vished, sccording (o Rule 38,2, by this Authorlty
N w cooly v

N

from the date of sailing of this interngtions! sewrch veport,

&, With regerd to the drawings,
8. the figure of the drawings to be published with the abstract is Pigure Nogﬁ
#§ suggesisd by the spplicant.
E‘:E ag selected by this Authority, becsuse the applicant fatled o suggest a figure,
E:g a5 selected by this Authority, because this Sgure better charscterizes the fnvention,
b. B none of the figures is 1o be published with the abstract.

Form PCTASA21S {first sheet) (July 2022}
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INTERMATIONAL SEARCH REPORY International application No.

POTAIS 33/00837

Bax No. ¥ Ohservations wheve cerinin claims wers found wnsearchable (Continyation of Hem 2 of fivsi sheal)

This international seareh report has not been esiablished iy respeot of ceriain olabms under Article 17{2)a) for the following ressons:

1L [:_] Claims Nos.;

because they relate o subject matter not required to be seavched by this Authority, namely:

2, D Claiens Nos.:

because they relate to parts of the intermations! application that do not comply with the preseribed requirements to such an
axtent that no meaningfisd intormationsl search can be carried ont, specifically:

. .
3. E:E Satems Naas

N
A
Beeause they are dependent claims snd are not drafled in accordance with the second and third sentences of Rule §.4(a).

Box No 1§ Observations where unity of invention is lncking {(Continuation of itorm 3 of 8ret shest)

This International Searching Auwthority found multiple tnventions iu this international application, as follows:

This appiication containg the following inventions or groups of inventions which ars not so linked as to form & single general Inveniiva
coneapt undsr POT Ride 13,1, n order for all Bwentions fo be sesrchad, the sppropriale addifonal sasrch foss must ba peid.

Group 1 Glaims 1-13 directed I a cap assembly for a cathetse

Group 1 Sledme 14-38 diracied io 8 vasoular access system and assodiated mathods of use.

< Gontinued in sars sheet-

o

E:] As all required additional search fees wers timely paid by the spplicant, this international search report covers all searchable
claims,

2, D As all searchable clstms could be searched without effort justifving additional fees, this Authority did not tavite payment of
additional fass.

q‘ N¢ o Ak 3 c 3, g “‘\‘\"{\-1‘:\ ¥
o the sladmg;

Remark on Protest E::] The additions! search fes wore aecompanisd by the spplicant’s profest and, where appHeable, the
payment of & protest fea.
D The additional search fees were scoompanisd by the applicant’s protest but the applicable protest
fee was not paid within the time it specified in the invitation.

D Mo protest accompanied the payment of additional search foes,

Fomn POTAS A TE {continustion of first sheet {23} {July 2022}
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INTERNATIONAL SEARCH REFORT e
- POTAIS 2MB0ART

1A, CLASSIFICATION OF SURBJECT MATIER
PG - INY, ABTM 2518, AGTM 39710 (2023.01)
ADD.

CRC - Ny, ABIM ZBI0087, ABTM 38/1041

ADRD,
| Acsoelingte tanstivned Patent Ol

ekt oationalds

B, FIELDS SEARCHED

Minioum decsmentation sesrched {classifcation system folowed by classification symbolis}

@ and, where practivable, s

Category™ Cliation of document, with indication, whers appropriste, of the rslevant passages Relovant to claim Ne,
X ~ON 108178227 A {Shanghal Microport Medicat Group Co., Lid.}; 7 Deceraber 2018 12, 5, 7-11
{037.12.2018}; enfire document, especisly
X L8 5,301,152 & (PATTERSONY, 21 Fabruary 1885 (21.02.1885) entire dosumeni, espacially 11, 34,812
Ahsiract, Figs, 7-8; ol 4, In 42-48; ool B, i 24-58. A
¥ 13
¥ US 202110404484 AT {8.PM, Flow Contred, Ine.); 30 Decamber 2021 (30.12.2021); entire 13
dociment, sspacially Abstract, pare, [B008], [0071], {06741
A US 5,871,058 A (HANGY, 28 Ootober 1998 {26.10,1838); entire document. .93
& US 3,860,008 A {PATELY, 14 January 1875 {14.03. 1875}, entire dosument, 113
A U5 20130150753 A1 (BEIBSSEL st al); 13 June 2043 {13.08.2013); entire document. 113

Ej Further documents ars ligted in the continustion of Box O

N Spevial categories of cited documents:
“a” documentdefining the general state of the grl which is not considered
o bs of particula rafevanes

SO gocwment oited by the applivant in the intermational spplicasion

mE : apphication or patent bui published on or after the inte
s Y WIOBRS
“p aler than “&™ doswment member of the ssme
Dhate af't 3 § Diate of maifing of the intemational scarch rsport
. i 3 < § - QNS
12 Agel 2023 (12.04.20%3) R
ATAFT L & A ARG
Name and mailing address of the I84/U8 { Anthorized officer
Mad Slop POT, Attn: BAUE, Commissionar for Patents Kar Rodrigusz
2.0, Hox 1450, Alsxandds, Wirginia 223131450 i
Fucshmile No, STL-273-8300 1 Telephons No. POT Halpdesk: §71-272-4300
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INTERNATIONAL SEARCH REPORT Tnternational applhication No.

POTHIS 23/80027

~-Box No. i ~ Lack of unity-"-

Tha inventions fsted as Geoups M do not relals to 8 single general nventive conospt under PCT Ruls 13.1 becauss, undsr PCT Rule
13.2, they lack the same or comesponding special tachnical foatures for the foliowing reasons:

SPECIAL TECHNICAL FEATURES

The invention of Groug | inciudes the special technical features of {2 first cap including a locking member], whereln {the locking membaer]
nciudes an end portion and {2 {ab} positionad proximate the end portion; and {a second cap including a locking fealura], whereln the
iacking festura includas a siot extending at least partially through fthe second capl, in [the locked position], ithe locking fealure is
cofigured to receive the looking meambed through the slof fsuch that the tab engages a porion of the second cap] to inhibit movemaent
of the [first cap] relative to [the second capl, not requined in Group |

The invantion of Group i Includas the special tschnical fealuras of 8 vascular access system, comprising: a valve having a proximal end
and a distal and; a cathaler defining 8 lumen and coupied to the distal end of the vaive, the cathster dafining 8 longiludinal axis of the
wvaacuiar anosss systermy; & dilalor configurad o extend at lsast partisily through the valve and the lumen; wherain [the cap assambly}
inchudes {1} [a] valve [oap] connected to the proxdmal end of the vaks and [including 2 coupling faatura], and (§) 8] diator foag) soupled
{o the dilater and {including a} coupling ab insentable infe the coupling featurs], whersin {in the locked configuration, the coupling Teatirs
iz configured o recalve the coupling iab such that the coupling iab engages & portion of the} vaive [cap] to inhiblt movemeani of the
dilator rafative to the vaive slong the longitudinal axls, not required in Group |

COMMON TECHNICAL FEATURES

The inventions of Groups Hi shave the lechaioa] features of & cap assembly, the cap assembily including frsl cap Including & locking
marnbey, wherels the logking mamber includes a tab, and 2 second cap including a locking feature, whereln the cap assembly is
movable between g locked configuration and an unipcked configusation, whersin In the locked configuration, the locking feature is
configurad to recelve the iocking membaer such that the tab engages a portion of the sscond cap to Inhibit movement, and the firsteapis
configurad to rotats ralative to the sscond cap to mova the tab oul of engagement with the second cap (o move the firs! sap from the
focked position fo an uniocked posiiion. The commaon lechaioal featunes are Raown In peor art &g shown R US 5,381,152 A in Palterson
tharainafier 'Patterson’). Therefore, Groups 11 lack unity sinos the shared techaloa] features do not repeesent @ contribution over:

Pattarson teaches a cap assembly (hubs of calheter assambly complementary and rotatably engageable, Abstract, Figs. 7-8}, the cap
asseridy Inciuding:

& first cap (hub 28, Fig, 7, ool §, in 24-29) including & locking member (Incking membar defined by first tsb 28, Fig. 7, ool §, In 28-34),
whaerein the locking member includss a lab {pin 100 axially disposed on distal end of first fab 29, Fig. 7, col. §, In 28-31), and

a sscond cap (hub 38, Fig. 7-8, col. §, In 24-28) including 2 locking feature {ocking slement of hub 35 including frst projection 150 and
first slol 108, Fig, 7-8, ool §, In, 31-34),

wharein the oap assambiy i movable betwesn a lockad configuration and an uniocked configuration {dilator hub 25 and introduesy hub
35 are releasably intedocked, ool 5§, In 24-28),

whargin in the locked configuration, the locking feature is configured to receive the ncking membar {mechanieally interlocked by
inserting tab 28 with pin 100 Inlo eniarged open and of alot 108, col. §, In 45-48) such thal tha lab engages & poriion of the aecond cap
fes inhibit movement (onoce tab 28 with pin 100 us engaged with siol 105, axial disengagement is praciuded by profection 150, ol §,In
50-858)}, and

wherain the first cap is configursd {o rolate refative to the sscond cap o move the iab out of engagement with the sscond oap fo mova
tha first cap from the iocked position to an udocked position (difator hub 28 and inlroducer hub 35 are releasably Interdocked o provide
rasistanos to rotations] disengagament, col. §, In 24-28; resistancs posad by interfering portions of siot 105 inhibils accidanial rotationsd
disengagamant fin the opposite croumforantial direction], ool. §, In 83-88, col. 4, In 42:-48; untocked position, Fig. ¥; implicitly, bubs 28
. and 35 can ba inlentionally rolated in the opposite dreumisrential direction to ovarcome the resislance posed and to raleass tha
- inleriock), :

. As the common festures wers known in the ait at the time of the invention, they cannel be considered spacial technical features that
- would otherwiss unify the groups.

Thersfore, Groups - iack unily under POT Rule 13 because they do nol share 2 same or corresponding spsciad tachnicsl fealura.
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