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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 ofTAVR treatments. 

(00206] All subjects underwent 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 

Tl-weighted IR-ORE. 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. ISA- 151 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 mm3 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. 
I Study Device #of Median Median Time 

Subjects Lesion Lesion Range of 
Count Volume Imaging 

(mm3) 

CLEAN-TAVI None (control) 45 16 800 2D 
EXAMPLE2 EPD-1 11* 6 193.9 <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 NIA 46% > 150 2-6D 
Embolic Deflection 
Device 
(investigational) 

[002111 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 TA VR 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 168. 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 TA VR 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. 

(002141 Table 3: Summary of endpoints from the clinical studies of Example 2. 

Endpoints Result 
Success Failure 

Primary Endooints 
Device performance successful 100% 0% 
deployment and retrieval 
Acute cerebral embolic burden The EPD- l device showed reduction in acute cerebral 
reduction after TA VR embolic burden when compared to both historical controls 

and other marketed and investigational devices. 
Secondary Endooints 
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: 

l. 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. 
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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. 

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

comprises a shape memory material. 

12. The ernbolic 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. 
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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 embol ic 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. 

35. 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 tum, 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 tum, 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 3 1-40, 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 3 1-43, 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 IOO 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 

58 



-285-

WO 2019/173475 PCT/US2019/020952 

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 dev'ice 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; 
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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 ernbolic 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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(57) Abstract: Disclosed herein are dilators for vascular access systems, and associated devices and methods. In some embodiments, 
a dilator includes an elongate body having a dian1eter that is generally constant or uniform along 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 an interior of the catheter. Additionally, or alternatively, the body of the dilator can 
include multiple body regions, each ha,ing one or more respective mechanical prope11ies. In these and other embodiments, the dilator 
can be configured to interface with at least a portion of the vascular access system. For example, the dilator can include one or more 
notches configured to couple the dilator to the vascular access system via a valve of the vascular access system. 
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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, s,velling, 

redness, warmness, and engorged superficial veins. 

[0004] If the thrombus breaks off ( embolizes) and flO\vs 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. 
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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 vie\v 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 vvith 

embodiments of the present technology. 

[0012J Figures 4A and 4B are perspective views of the dilator of Figures 2A-2C 

positioned within the vascular access system of Figure l 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 

allO\v 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' llexi bility. 

[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 configured to open and/or close a path through the valve. \Vhen 

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 beyond the vascular access system. 

[0016] Certain details are set forth in the follo,ving 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 dravm 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 

othenvise 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," "do~nward," 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 C-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, \vhile 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) 85, 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 

(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. 

[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 
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defines a lumen 124 (sho"½n using dashed-line in Figure I) 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 

a blood 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 I IO 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 I 02 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 patientto provide an access site. \Vhen 

the catheter 120 is positioned at a desired position relative to clot material (e.g., a pulmonary 

embolism, deep vein thrombosis) 1,vithin 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 l 04 

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 vacum11 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 

a navigation 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 first 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 Tb. The first and second thicknesses Ta-b can be the same or 

different, and/or each thickness Ta-b 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 cmnponent 248 can each be forn1ed 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-b 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 

Da-b 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 p011ion 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., varying 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 w-hile navigating through the 

vasculature. Although the dilator 240 shov"Vn 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 ofregion 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 a longitudinal axis Y of the body 242. Accordingly, 

the notch 250 can define a third diameter De of the dilator 240 that can be less than the first 

diameter Da and/or the second diameter Db. In the illustrated embodiment, the notch 250 is 

positioned betvveen 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 first 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 

250") and an additional second notch 350 positioned proximally from the first notch 250. The 

-9-



-350-

WO 2023/215779 PCT /US2023/066538 

second notch 350 can be at least generally similar or identical in structure and/or function to the 

first notch 250. 

[0032] Referring 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 

therebetvveen. 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 ouhvardly by springs 339 

(individually identified as a first spring 339a and a second spring 339b in Figures 3A and 3B) to 

a first position shmvn 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 shmvn 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 a resistive 

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/interference fit between the notch 250 and the valve 130 (e.g., the tether 336) can 

correspond to the difference in size between the third diameter De 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 Db of the second body region 244b. 

[0036] Generally, a difference in size between the third diameter De 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. 
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Additionally, a difference in size between the third diameter De and a diameter of a body region 

positioned distal and adjacent to the notch 250 (e.g., the second diameter Db 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 De and the first diameter Dais 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 De and the first diameter Dais 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 ,,vith greater diameters can include notches having a 

greater depth (e.g., corresponding to a greater difference between the third diameter De and the 

first and/or second diameters Da, Db) 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 ,vith 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, after 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 vaiying 

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 unifom1 diaineter of the dilator 240 is 

expected to better match the inner dimension of the lumen 124 of the catheter 120 which, in tum, 

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 

system 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, wfoch may damage a patient's vasculature. Additionally, or alternatively, the 

tactile feedback or sensation provided by the interference fit behveen 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 1 00. 

[0040] Figures 4A and 4B are perspective views of the dilator 240 positioned within the 

system 100, in accordance with embodiments of the present technology. More specifically, 

Figure 4A shows the dilator 240 in a first position or state 401a, and Figure 4B shows the dilator 

240 in a second position or state 401 b. 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 l uer-coupling feature 45 2b 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 Ll of the dilator 240 can extend distally beyond the distal 

terminus 126b of the catheter 120. In the illustrated embodiment, the first length LI includes 

the tip 246 and a portion of the body 242. Additionally, or alternatively, the first length Ll can 

extend from about 1 cm to about 5 cm beyond 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 401 b, 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 Ll. In at least some embodiments, for example, 

the second length L2 is between about 5cm and about 20cm, such as at least 15cm, or another 

suitable length there between. In the second state 401 b, 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 401 b 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 401 b, to thereby inhibit or 

prevent (i) further distal movement of the dilator 240 relative to the system 100 and/or (ii) 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 sho"'n 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 I 00 and/or a different 

length of the dilator 240 (e.g., between the first and second lengths Ll, L2) 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 

system 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 "\vith increased 

control over the amount of the dilator 240 that extends beyond 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 40la-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: 

a tip; 

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 bet,veen 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 I or example 2 ,vherein 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 reg10n 

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 compnsmg 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: 

a valve 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. 

l O. 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 stiffuess 

is greater than the second stiffuess. 

11. The dilator of example 9 or example IO 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, \vherein 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 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 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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1 7. 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 of 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 first notch, the 

method further comprising: 

positioning the dilator \vithin 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 w-herein 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, vvherein 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; 

a valve 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 vvherein 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 example 25 or example 26 ,vherein 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 ,vherein 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 ,vhen 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 first 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 varymg 

durometer at least partially along the longitudinal axis. 

[0047] The above detailed descriptions of embodiments of the technology are not intended 

to be exhaustive orto 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 shm'\cn or described in detail to avoid wmecessarily 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 ,vord "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 (c) 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: 

1. A dilator, comprising: 

a tip~ 

a coupling component; 

a first body region between the tip and the coupling cmnponent, wherein the first body 

region has a first flexibility profile: and 

a second body region behveen 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, ,vherein 

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 vvherein the notch is positioned between the first body 

region and the second body region. 
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8. The dilator of claim 6 ,vherein 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: 

a valve 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 ,vithin 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 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 claim 9 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 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 ,vherein 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 claim 9, 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 claim 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. 
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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. 

1 7. 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 ,vherein 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 ,vherein 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 claim 20 ,vherein 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; 

a valve having a proximal end and a distal end; and 

a catheter coupled to the valve and defining a lw11en; 

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 ,vherein 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. TI1e vascular access system of claim 25 ,vherein the notch is a first notch, ,vherein 

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-A/A or A/A Status 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Claim Rejections - 35 USC§ 102 

2. In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction 

of the statutory basis (i.e., changing from AIA to pre-AIA) 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)(l) 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 Al), 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 Al) 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 Bl) 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 Al) 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 Al) 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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8. Any inquiry concerning this communication or earlier communications from the 

Page 7 

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. 

/E.R./ (10/27/2023) 

Examiner, Art Unit 3781 

/SUSAN S SU/ 
Primary Examiner, Art Unit 3781 
1 November 2023 
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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 Larrison 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 Ulmlll 

548. 20150190156 07-09-2015 Ulmlll 

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 Levi 

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 Hattier et al. 

677. 20170252057 09-07-2017 Bonnette et al. 

678. 20170340867 11-30-2017 Accisano, II 

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. 

25 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./ 



-413-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

U.S. PA TENTS AND PUBLICATIONS 

Examiner Cite Name of Patentee or Applicant of cited 
Pages, Columns, Lines, Where 

Patent Number Issue Date Relevant Passages or Relevant 
Initial* No. Document Figures Appear 

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 

26 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./ 



-414-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

U.S. PA TENTS AND PUBLICATIONS 

Examiner Cite Name of Patentee or Applicant of cited 
Pages, Columns, Lines, Where 

Patent Number Issue Date Relevant Passages or Relevant 
Initial* No. Document Figures Appear 

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, rs 

Name of Patentee or Applicant of cited 
Lines, Where 

Examiner Foreign Document Relevant 
Initial* Cite No. 

Number3 
Publication Date Document Passages or 

Relevant Figures 
Appear 

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 

27 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.R./ 



-415-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

FOREIGN PATENT DOCUMENTS 
Pages, Columns, rs 

Name of Patentee or Applicant of cited Lines, Where 
Examiner Foreign Document Relevant 
Initial* Cite No. Number Publication Date Document Passages or 

Relevant Figures 
Appear 

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. ** WO2010023671 03-04-2010 Rapid Medical Ltd. 

14. ** WO2010049121 05-06-2010 Acandis GMBH & Co 

15. ** WO2010102307 09-10-2010 Lazarus Effect Inc. 

16. ** WO2011054531 05-12-2011 Cattaneo 

17. ** WO2012065 7 48 05-24-2012 Monstadt et al. 

18. ** WO2012009675 01-19-2012 Martin 

19. ** WO201404 7650 03-27-2014 lnceptus Medical LLC 

20. ** WO2014081892 05-30-2014 Rosenbluth et al. 

21. ** WO2015061365 04-30-2015 lnceptus Medical LLC 

22. ** WO2015006782 01-13-2015 lnceptus 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 

WO99/23958) 

25. ** WO2010002549 01-07-2010 Hot-Spur Technologies, Inc. 

26. ** EP1867290 02-27-2013 Cordis Corporation 

27. ** JP 2005-095242 06-15-2005 lshimaru 

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. 

28 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-416-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

FOREIGN PATENT DOCUMENTS 
Pages, Columns, rs 

Name of Patentee or Applicant of cited Lines, Where 
Examiner Foreign Document Relevant 
Initial* Cite No. Number Publication Date Document Passages or 

Relevant Figures 
Appear 

WO2012011097 01-26-2012 The Medical Research, Infrastructure 
32. ** and Health Services Fund of the Tel 

Aviv Medical Center 

33. ** WO2018080590 05-03-2018 lnari Medical, Inc. 

34. ** WO2017070702 04-27-2017 lnari Medical, Inc. 

35. ** WO2017024258 02-09-2017 KP MEDCURE, INC. 

36. ** DE102017004383 07-12-2018 Verlage 

37. ** WO2019075444 04-18-2019 lnceptus Medical, LLC 

38. ** WO2015191646 12-17-2015 lnceptus Medical, LLC 

39. ** WO2019050765 03-14-2019 lnari Medical, Inc. 

40. ** WO2017106877 06-22-2017 lnari Medical, Inc. 

41. ** WO2012120490 09-13-2012 Neuravi Llimited 

42. ** CN103932756 07-23-2014 Wu et al. 

43. ** WO2011032712 03-24-2011 MAGIERKA ALEXANDRINA 

44. ** WO2015121424 08-20-2015 Technip France 

45. ** 
WO2004018916 03-04-2004 Asahi Organic Chemicals Industry Co., 

LTD. 

46. ** WO2020036809 02-20-2020 lnari Medical, Inc. 

47. ** WO2021127202 06-24-2021 lnari 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 Shanghai Microport Medical Group Co 

Ltd 

52. ** CN102186427 09-14-2011 Hotspur Technologies Inc. 

53. ** WO2015189354 12-17-2015 Neuravi Ltd. 

54. ** WO0202162 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 

29 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-417-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

FOREIGN PATENT DOCUMENTS 
Pages, Columns, rs 

Name of Patentee or Applicant of cited Lines, Where 
Examiner Foreign Document Relevant 
Initial* Cite No. Number Publication Date Document Passages or 

Relevant Figures 
Appear 

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. ** WO2017210487 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. ** WO2012162437 11-29-2012 Lazarus Effect Inc. 

72. ** WO2009086482 07-09-2009 Lazarus Effect Inc. 

73. ** WO9839053 09-11-1998 Scimed Life Systems Inc. 

74. ** WO9833443 08-06-1998 Angioguard 

75. ** WO9851237 11-19-1998 Gertler 

76. ** WO2009082513 07-02-2009 Vortex Medical 

77. ** WO2018148174 08-16-2018 KP MEDCURE, INC. 

78. ** WO2021248042 12-09-2021 lnari Medical, Inc. 

79. ** WO2021076954 04-22-2021 lnari Medical, Inc. 

80. ** WO2011073176 06-23-2011 Novartis AG 

81. ** WO2021067134 04-08-2021 BECTON, DICKINSON AND COMPANY 

82. ** WO2022032173 02-10-2022 lnari Medical, Inc. 

83. ** 
CN 11 0652645 01-07-2020 Shanghai Warbey Medical Technology 

Co Ltd 

84. ** 
WO2019246240 12-26-2019 INTUITIVE SURGICAL OPERATIONS, 

INC. 

85. ** JPH07323090A 12-12-1995 Heisei 

30 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-418-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

FOREIGN PATENT DOCUMENTS 
Pages, Columns, rs 

Name of Patentee or Applicant of cited Lines, Where 
Examiner Foreign Document Relevant 
Initial* Cite No. Number Publication Date Document Passages or 

Relevant Figures 
Appear 

86. ** WO2022103848 05-19-2022 lnari Medical, Inc. 

87. ** WO2022109021 05-27-2022 lnari Medical, Inc. 

88. ** WO2022109034 05-27-2022 lnari Medical, Inc. 

89. 
WO2006124307 11-23-2006 KERBEROS PROXIMAL SOLUTIONS, 

INC. 

90. WO2016014955 01-28-2016 OSTEOMEDIX, INC. 

91. EP2942624 11-11-2015 Kim, Hong 

92. WO2006029270 03-16-2006 SMITH & NEPHEW, INC. 

NON-PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T5 
Initials* No. magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

country where published. 

1. ** GIBBS, et al., "Temporary Stent as a bail-out device during percutaneous transluminal coronary 
angioplasty: preliminary clinical experience," British Heart Journal, 1994, 71 :372-377, October 12, 
1993, 6 pgs. 

2. ** GUPTA, S. et al., "Acute Pulmonary Embolism Advances in Treatment", JAPI, Association of 
Physicians India, March 2008, Vol. 56, 185-191. 

3. ** International Search Report and Written Opinion for International App. No. PCT/US13/61470, mailed 
January 17, 2014, 7 pages. 

4. ** International Search Report and Written Opinion for International App. No. PCT/US2014/046567, 
mailed 11/3/2014, 13 pages 

5. ** International Search Report and Written Opinion for International App. No. PCT/US2014/061645, 
mailed 1/23/2015, 15 pages. 

6. ** International Search Report for International App. No. PCT/US13/71101, mailed March 31, 2014, 4 
pages. 

7. ** KONSTANTINIDES, S. et al., "Pulmonary embolism hotline 2012 - Recent and expected trials", 
Thrombosis and Haemostasis, January 9, 2013:33; 43-50. 

8. ** KONSTANTINIDES, S. et al., "Pulmonary embolism: risk assessment and management", European 
Society of Cardiology; European Heart Journal, September 7, 2012:33, 3014-3022. 

9. ** KUCH ER, N. et al., "Percutaneous Catheter Thrombectomy Device for Acute Pulmonary Embolism: In 
Vitro and in Vivo Testing", Circulation, September, 2005: 112:e28-e32. 

31 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-419-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

10. ** KUCHER, N., "Catheter Interventions in Massive Pulmonary Embolism", Cardiology Rounds, March, 
2006 Volume 10, Issue 3, 6 pages. 

11. ** KUCHER, N. et al., "Management of Massive Pulmonary Embolism", Radiology, September 
2005:236:3 852-858. 

12. ** KUCHER, N. et al., "Randomized, Controlled Trial of Ultrasound-Assisted Catheter-Directed 
Thrombolysis for Acute Intermediate-Risk Pulmonary Embolism." Circulation, 2014, 129, pages 9 
pages. 

13. ** KUO, W. et al., "Catheter-directed Therapy for the Treatment of Massive Pulmonary Embolism: 
Systematic Review and Meta-analysis of Modern Techniques", Journal of Vascular and lnterventional 
Radiology, November 2009:20: 1431-1440. 

14. ** KUO, W. et al., "Catheter-Directed Embolectomy, Fragmentation, and Thrombolysis for the Treatment 
of Massive Pulmonary Embolism After Failure of Systemic Thrombolysis", American College of CHEST 
Physicians 2008: 134:250-254. 

15. ** KUO, W. MD, "Endovascular Therapy for Acute Pulmonary Embolism", Continuing Medical Education 
Society of lnterventional Radiology ("CME"); Journal of Vascular and lnterventional Radiology, 
February 2012: 23:167-179. 

16. ** LEE, L. et al, "Massive pulmonary embolism: review of management strategies with a focus on catheter-
based techniques", Expert Rev. Cardiovasc. Ther. 8(6), 863-873 (2010) 

17. ** LIU, S. et al, "Massive Pulmonary Embolism: Treatment with the Rotarex Thrombectomy System", 
Cardiovascular lnterventional Radiology; 2011: 34:106-113. 

18. ** MULLER-HULSBECK, S. et al. "Mechanical Thrombectomy of Major and Massive Pulmonary 
Embolism with Use of the Amplatz Thrombectomy Device", Investigative Radiology, June 
2001 :36:6:317-322. 

19. ** REEKERS, J. et al., "Mechanical Thrombectomy for Early Treatment of Massive Pulmonary Embolism", 
Cardiovascular and lnterventional Radiology, 2003: 26:246-250. 

20. ** SCHMITZ-RODE et al., "New Mesh Basket for Percutaneous Removal of Wall-Adherent Thrombi in 
Dialysis Shunts," Cardiovasc lntervent Radio I 16:7-10 1993 4 pgs. 

21. ** SCHMITZ-RODE et al., "Temporary Pulmonary Stent Placement as Emergency Treatment of 
Pulmonary Embolism," Journal of the American College of Cardiology, Vol. 48, No.4, 2006 (5 pgs.) 

22. ** SCHMITZ-RODE, T. et al., "Massive Pulmonary Embolism: Percutaneous Emergency Treatment by 
Pigtail Rotation Catheter", JACC Journal of the American College of Cardiology, August 2000:36:2:375-
380. 

23. ** SPIOTTA, A et al., "Evolution of thrombectomy approaches and devices for acute stroke: a technical 
review." J Neurolntervent Surg 2015, 7, pages 7 pages. 

24. ** SVILAAS, T. et al., "Thrombus Aspiration During Primary Percutaneous Coronary Intervention." The 
New England Journal of Medicine, 2008, Vol. 358, No. 6, 11 pages. 

25. ** TAPSON, V., "Acute Pulmonary Embolism", The New England Journal of Medicine, March 6, 
2008:358:2037-52. 

26. ** The Penumbra Pivotal Stroke Trial Investigators, "The Penumbra Pivotal Stroke Trial: Safety and 
Effectiveness of a New Generation of Mechanical Devices for Clot Removal in lntracranial Large Vessel 
Occlusive Disease." Stroke, 2009, 40: page 9 pages. 

27. ** TRUONG et al., "Mechanical Thrombectomy of lliocaval Thrombosis Using a Protective Expandable 
Sheath," Cardiovasc lntervent Radiol27-254-258, 2004, 5 pgs. 

32 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-420-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

28. ** TURK et al., "ADAPT FAST study: a direct aspiration first pass technique for acute stroke 
thrombectomy." J Neurolntervent Surg, Vol. 6, 2014, 6 pages. 

29. ** UFLACKER, R., "I nterventional Therapy for Pulmonary Embolism", Journal of Vascular and 
lnterventional Radiology, February 2001: 12:147-164. 

30. ** VERMA, R., MD et al. "Evaluation of a Newly Developed Percutaneous Thrombectomy Basket Device 
in Sheep With Central Pulmonary Embolisms", Investigative Radiology, October 2006, 41, 729-734. 

31. ** International Search Report and Written Opinion for International App. No. PCT/US2015/034987 filed 
June 9, 2015, Applicant: lnceptus Medical, LLC, Date of Mailing: September 17, 2015, 12 pages. 

32. ** International Search Report and Written Opinion for International App. No. PCT/US2016/067628 filed 
December 19, 2016, Applicant: lnari Medical, Inc., Date of Mailing: April 10, 2017, 11 pages. 

33. ** GOLDHABER, S. et al. "Percutaneous Mechanical Thrombectomy for Acute Pulmonary Embolism - A 
Double-Edged Sword," American College of CHEST Physicians, August 2007, 132:2, 363-372. 

34. ** GOLDHABER, S., "Advanced treatment strategies for acute pulmonary embolism, including 
thrombolysis and embolectomy," Journal ofThrombosis and Haemostasis, 2009: 7 (Suppl. 1): 322-327. 

35. ** International Search Report and Written Opinion for International App. No. PCT/US2017/029696, Date 
of Filing: April 26, 2017, Applicant: lnari Medical, Inc., Date of Mailing: September 15, 2017, 19 pages. 

36. ** International Search Report and Written Opinion for International App. No. PCT/US2016/058536, Date 
of Filing: October 24, 2016, Applicant: lnari Medical, Inc., Date of Mailing: March 13, 2017, 14 pages. 

37. ** International Search Report and Written Opinion for International App. No. PCT/US2018/048786, Date 
of Filing: August 30, 2018, Applicant: lnari Medical, Inc., Date of Mailing: December 13, 2018, 12 pages. 

38. ** International Search Report and Written Opinion for International App. No. PCT/US2018/055780, Date 
of Filing: October 13, 2018, Applicant: lnceptus Medical LLC., Date of Mailing: January 22, 2019, 8 
pages. 

39. ** International Search Report and Written Opinion for International App. No. PCT/US2019/045794, Date 
of Filing: August 8, 2019, Applicant: lnari Medical, Inc., Date of Mailing: November 1, 2019, 17 pages. 

40. ** International Search Report and Written Opinion for International App. No. PCT/US2020/056067, Date 
of Filing: October 16, 2020; Applicant: lnari Medical, Inc., Date of Mailing: January 22, 2021, 8 pages. 

41. ** International Search Report and Written Opinion for International App. No. PCT/US2020/055645, Date 
of Filing: December 17, 2020; Applicant: lnari Medical, Inc., Date of Mailing: April 14, 2021, 12 pages. 

42. ** VORWERK, D. MD, et al., "Use of a Temporary Caval Filter to Assist Percutaneous lliocaval 
Thrombectomy: Experimental Results." SCVIR, 1995, 4 pages. 

43. ** WIKIPEDIA; Embolectomy; retrieved from the internet: https://en.wikipedia.org/wiki/Embolectomy; 4 
pgs.; retrieved/printed: 3/24/2016 

44. ** O'SULLIVAN; Thrombolysis versus thrombectomy in acute deep vein thrombosis; lnterventional 
Cardiology; 3(5); pp. 589-596; October 2011 

45. ** CAPTURE VASCULAR SYSTEMS; (company website); retrieved from the internet: 
http://www.capturevascular.com; 3 pgs.; retrieved/printed: 3/24/2016 

46. ** EDWARDS LIFESCIENCES; Fogarty® Occlusion Catheters (product brochure); retrieved from the 
internet: 
http:! /web.archive .org/web/20150228193218/http:l/www.edwards.com/prod ucts/vascu lar/atrau maticoc 
clusion/pages/occlusioncatheter.aspx; ©2011; 2 pgs.; retrieved/printed: 3/24/2011 

33 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-421-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

47. ** BOSTON SCIENTIFIC; Fetch(TM) 2 Aspiration Catheter (product information);retrieved from the 
internet: http://www.bostonscientific.com/en-US/products/thrombectomy-systems/fetch2-aspiration-
catheter.html; 2 pgs.; retrieved/printed: 3/24/2016 

48. ** PENUMBRA, INC.; Indigo® System (product information); retrieved from the internet: 
http://www.penumbrainc.com/peripherallpercutaneous-thromboembolectomy/ 
indigo-system; 7 pgs.; retrieved/printed: 3/24/2016 

49. ** YOUTUBE; Merci Retrieval System X Series Animation; uploaded March 16,2009 (product 
information); posted on May 7, 2009 by SSMDePAUL, time 1 :09, retrieved from the internet: 
https://www.youtube.com/watch?v=MGX7deuFkhc; 3 pgs.; retrieved/printed: 3/24/2016 

50. ** COVIDIEN; Solitaire(TM) AS Neurovascular Remodeling Device (product information); retrieved from 
the internet: http://www.ev3.net/neuro/intl/remodeling-devices/solitaire-ab. htm; ©2015; 2 pgs.; 
retrieved/printed: 3/24/2016 

51. ** International Search Report and Written Opinion for International App. No. PCT/US21/35965, Date of 
Filing: June 4, 2021, Applicant: lnari Medical, Inc., Date of Mailing: September 28, 2021, 12 pages. 

52. ** International Search Report and Written Opinion for International App. No. PCT/US21/45072 Date of 
Filing: August 6, 2021, Applicant: lnari Medical, Inc., Date of Mailing: January 20, 2022, 10 pages. 

53. ** International Search Report and Written Opinion for International App. No. PCT/US21/58793; Date of 
Filing: November 10, 2021, Applicant: lnari Medical, Inc., Date of Mailing: March 16, 2022, 13 pages. 

54. ** International Search Report and Written Opinion for International App. No. PCT/US21/59718; Date of 
Filing: November 17, 2021, Applicant: lnari Medical, Inc., Date of Mailing: March 22, 2022, 13 pages. 

55. ** International Search Report and Written Opinion for International App. No. PCT/US21/59735; Date of 
Filing: November 17, 2021, Applicant: lnari Medical, Inc., Date of Mailing: March 22, 2022, 11 pages. 

56. International Search Report and Written Opinion for International App. No. PCT/US23/60502; Date of 
Filing: January 11, 2023, Applicant: lnari Medical, Inc., Date of Mailing: May 25, 2023, 9 pages. 

57. International Search Report and Written Opinion for International App. No. PCT/US23/61256; Date of 
Filing: January 25, 2023, Applicant: lnari Medical, Inc., Date of Mailing: June 7, 2023, 8 pages. 

58. Gross et al., "Dump the pump: manual aspiration thrombectomy (MAT) with a syringe is technically 
effective, expeditious, and cost-efficient," J Neurolntervent Surg, 2018, 4 pages. 

EXAMINER SIGNATURE 

Examiner Signature /ERrcl RASSAVONG/ (10/23/20~0~te Considered I 10/23/2023 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line 
through a citation if not in conformance and not considered. Include copy of this form with next communication to 
applicant. 
1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-
letter code (WIPO Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the 
serial number of the patent document. 4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard 
ST.16 if possible. 5 Applicant is to place a check mark here if English language translation is attached. 

34 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-422-

Receipt date: 07/13/2023 18/342,553 - GAU: 3781 

Doc code: IDS PTO/SB/08a (01-10) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 18/342,553 - Conf # 6799 

Filing Date June 27, 2023 
INFORMATION DISCLOSURE 

First Named Inventor Ben Merritt STATEMENT BY APPLICANT 
(Not for submission under 37 CFR 1.99) Art Unit Not Yet Assigned 

Examiner Name Not Yet Assigned 

Attorney Docket Number 111552.8018.US11 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

D That each item of information contained in the information disclosure statement was first cited in any communication from 
a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the information 
disclosure statement. See 37 CFR 1.97(e) (1). 

OR 

D That no item of information contained in the information disclosure statement was cited in a communication from a foreign 
patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after making 
reasonable inquiry, no item of information contained in the information disclosure statement was known to any individual 
designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement. See 37 
CFR 1.97(e) (2). 

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ None 

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R. § 1.98 and the Examiner is 
respectfully requested to consider the listed references. This Information Disclosure Statement is not to be construed as a 
representation that: (i) a search has been made; (ii) additional information that may be material to the examination of this 
application does not exist; (iii) the information, protocols, results and the like reported by third parties are accurate or enabling; 
or (iv) the cited information is, or is considered to be, material to patentability. In addition, Applicant does not admit that any 
enclosed item of information constitutes prior art to the subject invention and specifically reserves the right to demonstrate 
that any such reference is not prior art. 

COPIES OF REFERENCES 

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S. patents and U.S. patent applications. 
Applicant submits herewith copies of foreign patents and non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2). 
Those documents which are marked with a double asterisk(**) next to the Cite No. in the attached form PTO/SB/08 are not 
supplied because they were previously cited by or submitted to the Office in prior application number 16/536, 185 and filed 
on August 8, 2019 and relied upon in this application for an earlier filing date under 35 U.S.C. § 120. 

SIGNATURE 
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for 
the form of the signature. 

Signature I /Matthew S. Williams/ I Date (YYYY-MM-DD) I 2023-01-13 

Name/Print I Matthew S. Williams I Registration Number I 11,516 
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public 
which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection 
is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

35 
162666338.1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH_ /E.R./ 



-423-

PE2E SEARCH - Search History {Prior Art) 

Ref# Hits Search Query DBs Default 
Operator 

L1 250 ("10004531" OR (US-PGPUB; USPAT) OR 
"10010335" OR 
"10016266" OR 
"10028759" OR 
"10045790" OR 
"10098651" OR 
"10130385" OR 
"10226263" OR 
"10238406" OR 
"10271864" OR 
"10327883" OR 
"10335186" OR 
"10342571" OR 
"10349960" OR 
"10383644" OR 
"104 78535" OR 
"10524811" OR 
"10531883" OR 
"10588655" OR 
"10695159" OR 
"10709471" OR 
"10772636" OR 
"10799331" OR 
"10912577" OR 
"10960114" OR 
"11000682" OR 
"11013523" OR 
"11058445" OR 
"11058451" OR 
"11147571" OR 
"11154314" OR 
"11166703" OR 
"11259821" OR 
"11406801" OR 
"11433218" OR 
"11439799" OR 
"11457936" OR 
"11529158" OR 
"11554005" OR 
"11559382" OR 
"11642209" OR 
"11648028" OR 
"11697011" OR 
"11697012" OR 
"20010004699" OR 
"20010031981" OR 
"20010041909" OR 
"20010049486" OR 
"20010051810" OR 
"20020022858" OR 
"20020022859" OR 
"20020026211" OR 
"20020032455" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Plurals 

ON 

British Time Stamp 
Equivalents 
ON 2023/10/23 

05:11 PM 

Page 1 of 35 
ER 



-424-

"20020049452" OR 
"20020095161" OR 
"20020095171" OR 
"20020111648" OR 
"20020120277" OR 
"20020147458" OR 
"20020151918" OR 
"20020156457" OR 
"20020161392" OR 
"20020169474" OR 
"20020173819" OR 
"20020188276" OR 
"20030083693" OR 
"20030100919" OR 
"20030114875" OR 
"20030116731" OR 
"20030125663" OR 
"20030135230" OR 
"20030135258" OR 
"20030153873" OR 
"20030153973" OR 
"20030168068" OR 
"20030176884" OR 
"20030191516" OR 
"20030208224" OR 
"20030216774" OR 
"20040039412" OR 
"20040068288" OR 
"20040073243" OR 
"20040098033" OR 
"20040102807" OR 
"20040122359" OR 
"20040127936" OR 
"20040133232" OR 
"20040138525" OR 
"20040138692" OR 
"20040167567" OR 
"20040199201" OR 
"20040199202" OR 
"20040260344" OR 
"20040267272" OR 
"20050004534" OR 
"20050033172" OR 
"20050038468" OR 
"20050054995" OR 
"2005005504 7" OR 
"20050085769" OR 
"20050085826" OR 
"20050085846" OR 
"20050085849" OR 
"20050119668" OR 
"20050177132" OR 
"20050187570" OR 
"20050203605" OR 
"20050283165" OR 
"20050283166" OR 
"20050283186" OR 
"20060020286" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page2of 35 
ER 



-425-

"20060042786" OR 
"2006004 7286" OR 
"20060074401" OR 
"20060089533" OR 
"20060100662" OR 
"20060155305" OR 
"20060173525" OR 
"20060195137" OR 
"20060200221" OR 
"20060217664" OR 
"20060224177" OR 
"20060229645" OR 
"20060247500" OR 
"20060253145" OR 
"20060264905" OR 
"20060276874" OR 
"20060282111" OR 
"20060293696" OR 
"20070010787" OR 
"20070038225" OR 
"200700937 44" OR 
"20070112374" OR 
"20070118165" OR 
"20070149996" OR 
"20070161963" OR 
"20070179513" OR 
"20070191866" OR 
"20070198028" OR 
"20070208361" OR 
"20070208367" OR 
"20070213753" OR 
"20070213765" OR 
"20070255252" OR 
"20070288054" OR 
"20080015541" OR 
"20080088055" OR 
"20080157017" OR 
"20080167678" OR 
"20080183136" OR 
"20080228209" OR 
"20080234715" OR 
"20080234 722" OR 
"20080262528" OR 
"20080269798" OR 
"20080300466" OR 
"20090018566" OR 
"20090054918" OR 
"20090062841" OR 
"20090069828" OR 
"20090076417" OR 
"20090160112" OR 
"20090163846" OR 
"20090182362" OR 
"20090192495" OR 
"20090281525" OR 
"20090292307" OR 
"20090299393" OR 
"20100016837" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page 3of 35 
ER 



-426-

"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 
"201101607 42" 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 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page4of 35 
ER 



-427-

"20130035628" OR 
"20130046332" OR 
"20130066348" OR 
"20130092012" OR 
"20130096571" OR 
"20130102996" OR 
"20130116708" OR 
"20130116721" OR 
"20130126559" OR 
"20130144326" OR 
"20130165871" OR 
"20130184 703" OR 
"20130197 454" 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 
"20140025048" OR 
"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 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

ON ON 2023/10/23 
05:11 PM 

Page Sof 35 
ER 



-428-

"20150032144" OR 
"20150059908" OR 
"20150088190" OR 
"20150127035" OR 
"20150133990" OR 
"20150150672" OR 
"20150164523" OR 
"20150164666" OR 
"20150173782" OR 
"20150190155" OR 
"20150190156" OR 
"20150196380" OR 
"201501967 44" OR 
"20150209058" OR 
"20150209165" OR 
"20150238207" OR 
"20150250578" OR 
"20150265299" OR 
"20150305756" OR 
"20150305859" OR 
"20150352325" OR 
"20150360001" OR 
"2015037 4391" 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 
"201602207 41" 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 
"201701057 43" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page6of 35 
ER 



-429-

"201701057 45" 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 
"2019023991 O" OR 
"20190321071" OR 
"20190336142" OR 
"20190336148" OR 
"20190365395" OR 
"20200046368" OR 
"20200113412" OR 
"20210022843" OR 
"20210038385" OR 
"20210113224" OR 
"20210137667" OR 
"20210186541" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page 7of 35 
ER 



-430-

"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 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

Page 8of 35 
ER 



-431-

"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 
"54 76450" 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 
"5769816" OR 
"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 
"594 7985" OR 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

ON ON 2023/10/23 
05:11 PM 

Page 9of 35 
ER 



-432-

"5954737" OR 
"5971938" OR 
"5972019" OR 
"597 4938" 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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"767 424 7" OR 
"7678131" OR 
"7691121" OR 
"7695458" OR 
"7713282" OR 
"7722641 " OR 
"776301 O" 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 
"857 4262" OR 
"8579915" OR 
"8585713" OR 
"8608754" OR 
"864 7367" 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 
"9643035" OR 
"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. 

LS 4 "20160030708".pn. (US-PGPUB; USPAT; OR 
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) 

L6 4 "20160135829". pn. (US-PGPUB; USPAT; OR 
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) 

L7 4 ("20230200970" OR (US-PGPUB; USPAT) OR 
"2023021831 O" OR 
"20230218313" OR 
"20230218383").pn. 

L8 6 "2015179329".pn. (US-PGPUB; USPAT; OR 
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) 

L9 8 ("10183159" OR (US-PGPUB; USPAT) OR 
"20070233043" OR 
"20230233311" OR 
"20230240705" OR 
"20230240706" OR 
"20230241302" OR 
"8343167" OR 
"8568465").pn. 

L10 55 ("10058339" OR (US-PGPUB; USPAT) OR 
"10384034" OR 
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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 
"2004001931 O" 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 
"49814 78" 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 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

ON ON 2023/10/25 
07:21 PM 

Page 15 of 35 
ER 



-438-

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

L12 7801 A61 F2/01.cpc. (US-PGPUB; USPAT; OR 
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) 

L13 17515 A61B17/12109.cpc. (US-PGPUB; USPAT; OR 
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) 

L14 1279 A61 M1/815.cpc. (US-PGPUB; USPAT; OR 
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) 

L15 12292 A61 M1/84.cpc. (US-PGPUB; USPAT; OR 
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) 

L16 22696 A61B17/221.cpc. (US-PGPUB; USPAT; OR 
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) 

L17 5168 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
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) 

L18 8040 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
USOCR; FIT (AU, AP, 
AT, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-439-

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

L19 29726 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
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) 

L20 4679 A61 M1/79.cpc. (US-PGPUB; USPAT; OR 
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) 

L21 34676 A61 M25/1 0.cpc. (US-PGPUB; USPAT; OR 
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) 

L22 1137 A61B17/12109.cpc. (US-PGPUB; USPAT; OR 
AND A61 F2/01.cpc. 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) 

L23 37 A61 M1/815.cpc. AND (US-PGPUB; USPAT; OR 
A61 F2/01.cpc. 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) 

L24 34 A61 M1/84.cpc. AND (US-PGPUB; USPAT; OR 
A61 F2/01.cpc. 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) 

L25 732 A61B17/221.cpc. AND (US-PGPUB; USPAT; OR 
A61 F2/01.cpc. USOCR; FIT (AP, AT, 

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

10/27/2023 07:58:11 PM 
Workspace: SYSTEM FOR TREATING EMBOLISM AND ASSOCIATED DEVICES AND METHODS XII 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

ON ON 

2023/10/25 
07:39 PM 

2023/10/25 
07:39 PM 

2023/10/25 
07:39 PM 

2023/10/25 
07:40 PM 

2023/10/25 
07:40 PM 

2023/10/25 
07:40 PM 

2023/10/25 
07:40 PM 

Page 17 of 35 
ER 



-440-

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

L26 231 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
AND A61 F2/01.cpc. 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) 

L27 113 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND A61 F2/01.cpc. 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) 

L28 114 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND A61 F2/01.cpc. 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) 

L29 35 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 F2/01.cpc. 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) 

L30 129 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 F2/01.cpc. 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) 

L31 17515 A61B17/12109.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61B17/12109.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L32 33 A61 M1/815.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/12109.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-441-

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

L33 170 A61 M1/84.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/12109.cpc. 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) 

L34 1076 A61B17/221.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/12109.cpc. 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) 

L35 544 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61B17/12109.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L36 441 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61B17/12109.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L37 476 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61B17/12109.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L38 30 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/12109.cpc. 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) 

L39 1330 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/12109.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-442-

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

L40 209 A61 M1/84.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/815.cpc. 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) 

L41 30 A61B17/221.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/815.cpc. 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) 

L42 32 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/815.cpc. 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) 

L43 64 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/815.cpc. 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) 

L44 69 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/815.cpc. 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) 

L45 100 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/815.cpc. 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) 

L46 30 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/815.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-443-

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

L47 426 A61B17/221.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/84.cpc. 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) 

L48 231 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/84.cpc. 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) 

L49 673 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/84.cpc. 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) 

LSD 2007 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND A61 M1/84.cpc. 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) 

L51 641 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/84.cpc. 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) 

L52 738 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/84.cpc. 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) 

L53 3952 A61 B2017/22034.cpc. (US-PGPUB; USPAT; OR 
AND A61B17/221.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-444-

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

L54 2586 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND A61B17/221.cpc. 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) 

L55 2026 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND A61B17/221.cpc. 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) 

L56 115 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/221.cpc. 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) 

L57 975 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61B17/221.cpc. 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) 

L58 1026 A61 B2017/22079.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61 B2017/22034.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L59 648 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61 B2017/22034.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L60 71 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2017/22034.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-445-

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

L61 557 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2017/22034.cpc. 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) 

L62 3178 A61 B2217/005.cpc. (US-PGPUB; USPAT; OR 
AND USOCR; FIT (AP, AT, 
A61 B2017/22079.cpc. AU, CA, CH, CN, DD, 

DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
SU, WO); FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

L63 265 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2017/22079.cpc. 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) 

L64 520 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2017/22079.cpc. 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) 

L65 1004 A61 M1/79.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2217/005.cpc. 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) 

L66 908 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 B2217/005.cpc. 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) 

L67 59 A61 M25/1 0.cpc. AND (US-PGPUB; USPAT; OR 
A61 M1/79.cpc. USOCR; FIT (AP, AT, 

AU, CA, CH, CN, DD, 
DE, EA, EP, ES, FR, 
GB, JP, KR, OA, RU, 
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-446-

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

L68 72 ((WO-2015179329-A 1 (US-PGPUB; USPAT; OR 
OR WO-2017024258- USOCR; FIT (AU, AP, 
A1 OR WO- AT, CA, CH, CN, DD, 
2015061365-A1 OR DE, EA, EP, ES, FR, 
WO-2014081892-A1 GB, JP, KR, OA, RU, 
OR JP-2005323702-A SU, WO); FPRS; EPO; 
OR WO-0053120-A 1 JPO; DERWENT; 
OR WO-97 44082- IBM_TDB) 
A2).did. AND 
FTDB.dbnm.) OR ((US-
8343167-B2 OR US-
10226263-B2 OR US-
9999493-B2 OR US-
9757137-B2 OR US-
97 44024-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-A 1 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-A 1 OR 
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-447-

US-20150018860-A 1 
OR US-20140228869-
A1 OR US-
20140155830-A1 OR 
US-20140025048-A 1 
OR US-20130261638-
A1 OR US-
20120310166-A1 OR 
US-20110264133-A 1 
OR US-20110054405-
A1 OR US-
20100249753-A1 OR 
US-20100204712-A1 
OR US-20100030256-
A1 OR US-
20090163846-A 1 OR 
US-20080269798-A 1 
OR US-20080157017-
A1 OR US-
20070208361-A 1 OR 
US-20050113762-A 1 
OR US-20030135230-
A1 OR US-
20020120277-A 1).did. 
AND PGPB.dbnm.) OR 
((WO-20182067 4 7-A 1 
OR US-201701057 43-
A1 OR US-6589264-B1 
OR US-20020151922-
A1).did. AND 
DWPl.dbnm.) OR 
((WO-2014186413-A2 
OR WO-2013158342-
A1).did. AND 
FPRS.dbnm.) 

L69 75 ((US-9259237-B2 OR (US-PGPUB; USPAT; OR 
US-9439751-B2 OR USOCR; FIT (AU, AP, 
US-9463036-B2 OR AT, CA, CH, CN, DD, 
US-9566424-B2 OR DE, EA, EP, ES, FR, 
US-9579116-B1 OR GB, JP, KR, OA, RU, 
US-9408620-B2 OR SU, WO); FPRS; EPO; 
US-9757137-B2 OR JPO; DERWENT; 
US-9439664-B2 OR IBM_TDB) 
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-97 44024-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-
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-448-

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-A 1 
OR US-20080269798-
A1 OR US-
20110264133-A 1 OR 
US-20140025048-A 1 
OR US-20090163846-
A1 OR US-
20020120277-A1 OR 
US-20120310166-A1 
OR US-20100204712-
A1 OR US-
20180125512-A1 OR 
US-20150133990-A 1 
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-A 1 OR 
US-20100249753-A1 
OR US-20050113762-
A1 OR US-
20080157017-A1 OR 
US-20110054405-A 1 
OR US-20030135230-
A1 OR US-
20200046368-A 1 OR 
US-20140155830-A 1 
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-A 1 OR 
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-449-

WO-2018206747-A1 
OR US-201701057 43-
A1).did. AND 
DWPl.dbnm.) OR 
((WO-97 44082-A2 OR 
JP-2005323702-A OR 
WO-2014081892-A1 
OR WO-2015061365-
A1 OR WO-
2017024258-A 1 OR 
WO-0053120-A 1) .did. 
AND FTDB.dbnm.) 

L70 26 ((US-20050054995-A 1 (US-PGPUB; USPAT; OR 
OR US-20180064453- USOCR; FIT (AU, AP, 
A1 OR US- AT, CA, CH, CN, DD, 
20160262774-A1 OR DE, EA, EP, ES, FR, 
US-20190000492-A1 GB, JP, KR, OA, RU, 
OR US-20140276288- SU, WO); FPRS; EPO; 
A1 OR US- JPO; DERWENT; 
20170143938-A1 OR IBM_TDB) 
US-20170143359-A 1 
OR US-20080312681-
A1 OR US-
20170281204-A 1 OR 
US-20180184912-A1 
OR US-20120172918-
A1 OR US-
20140371779-A 1 OR 
US-20180064454-A1 
OR US-20120310166-
A1 OR US-
20030116731-A1).did. 
AND PGPB.dbnm.) OR 
((WO-2016182977-A 1 
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.) 

L71 18 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20160135829-A 1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(US-807551 0-B2 OR CZ, DD, DE, DK, EA, 
US-2009163846-A 1 OR EE, EP, ES, Fl, FR, GB, 
US-10383983-B2 OR HR, HU, ID, IE, IL, IS, 
US-2011213392-A 1 OR IT, JP, KR, LT, LU, LV, 
US-2011301634-A 1 OR MA, OA, RU, SU, WO, 
EP-2231256-B1 OR MC, MD, MY, NL, NO, 
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-450-

US-2016151079-A 1 OR NZ, PH, PL, PT, RO, 
US-2019321525-A 1 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-A 1 OR IBM_TDB) 
US-2013304082-A 1 OR 
WO-2012151025-A 1 
OR US-8734374-B2 OR 
US-2020121333-A 1 OR 
US-2020164117-A1 OR 
US-2017136158-A 1 OR 
WO-2012141969-A2 
OR US-2011213297-
A1).did. 

L72 24 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-2019023991 0-A1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(US-11464528-B2 OR CZ, DD, DE, DK, EA, 
US-2023000510-A 1 OR EE, EP, ES, Fl, 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-2019052711 0-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-A 1 OR 
EP-3806757-A1 OR 
WO-2020023541-A 1 
OR US-11197683-B1 
OR US-2021361314-A1 
OR US-2020397957-
A1).did. 

L73 34 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
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, Fl, FR, GB, 
OR EP-3265001-A 1 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-A 1 OR RS, SE, SG, SI, SK, 
WO-2020260632-A1 TH, TN, TR, TW, UA, 
OR EP-3990083-A 1 OR VN); FPRS; EPO; 
US-2022265962-A 1 OR JPO; DERWENT; 
US-9827126-B2 OR IBM_TDB) 
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-451-

EP-3990083-B1 OR 
CA-3000119-C OR US-
94 7 4639-B2 OR WO-
2019236597-A 1 OR 
EP-3813740-A1 OR 
CA-3102299-A1 OR 
US-201937 4358-A 1 OR 
CN-112218601-A).did. 

L74 22 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
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, Fl, FR, GB, 
US-2016367272-A 1 OR HR, HU, ID, IE, IL, IS, 
US-2020215306-A 1 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-A 1 OR NZ, PH, PL, PT, RO, 
CN-112155656-A OR RS, SE, SG, SI, SK, 
US-2020016369-A 1 OR TH, TN, TR, TW, UA, 
US-2019366043-A 1 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-A 1 OR 
US-2021138193-A 1 OR 
US-2021138194-A 1 OR 
US-2020046940-A 1 OR 
US-11383064-B2 OR 
US-2020164178-
A1).did. 

L75 24 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20110034986-A 1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(US-9655755-B2 OR CZ, DD, DE, DK, EA, 
US-2015141760-A 1 OR EE, EP, ES, Fl, FR, GB, 
US-2017354523-A 1 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-A 1 OR NZ, PH, PL, PT, RO, 
US-2019269538-A 1 OR RS, SE, SG, SI, SK, 
US-2021307945-A 1 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-
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2013281788-A 1).did. 

L76 23 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20120143239-A 1 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, Fl, FR, GB, 
OR CA-2819670-A 1 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, SK, 
US-2011213290-A 1 OR TH, TN, TR, TW, UA, 
WO-2012158269-A 1 VN); FPRS; EPO; 
OR US-2011213393-A 1 JPO; DERWENT; 
OR US-2009163846-A 1 IBM_TDB) 
OR US-807551 0-B2 OR 
US-2011213392-A 1 OR 
US-2013304082-A 1 OR 
EP-2231256-B1 OR 
US-2020121333-A 1 OR 
US-2019321525-A 1 OR 
US-10517617-B2 OR 
US-2016151079-
A1).did. 

L77 28 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20090163846-A 1 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, Fl, FR, GB, 
OR US-807551 0-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-A 1 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-A 1 OR IBM_TDB) 
WO-2012148645-A2 
OR US-2014221949-A1 
OR US-9402938-B2 OR 
WO-2012151025-A 1 
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 
More like doc: USOCR; FIT (AU, AP, 
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-A 1 OR EE, EP, ES, Fl, FR, GB, 
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CN-113660970-A OR HR, HU, ID, IE, IL, IS, 
WO-2020167276-A1 IT, JP, KR, LT, LU, LV, 
OR US-11452841-82 MA, OA, RU, SU, WO, 
OR CN-113365687-A MC, MD, MY, NL, NO, 
OR US-2020324079-A 1 NZ, PH, PL, PT, RO, 
OR CN-113951980-A RS, SE, SG, SI, SK, 
OR WO-2021167614- TH, TN, TR, TW, UA, 
A1 OR WO- VN); FPRS; EPO; 
2023192925-A2 OR JPO; DERWENT; 
US-2023310751-A1 OR IBM_TDB) 
WO-2012151025-A 1 
OR US-11266825-82 
OR CN-113425369-A 
OR US-2005085769-A1 
OR WO-2020145928-
A1 OR TR-201900192-
A2 OR WO-
200507 4520-A2 OR 
US-2021260262-A1 OR 
TR-201902349-A2).did. 

L79 31 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20100204712-A1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(EP-2395929-A2 OR CZ, DD, DE, DK, EA, 
WO-2010093836-A2 EE, EP, ES, Fl, FR, GB, 
OR WO-2010093836- HR, HU, ID, IE, IL, IS, 
A3 OR EP-2395929-M IT, JP, KR, LT, LU, LV, 
OR CN-112057133-A MA, OA, RU, SU, WO, 
OR CN-112057133-B MC, MD, MY, NL, NO, 
OR WO-2023057179- NZ, PH, PL, PT, RO, 
A 1 OR US-7645290-82 RS, SE, SG, SI, SK, 
OR US-2006253145-A1 TH, TN, TR, TW, UA, 
OR US-2021361305-A1 VN); FPRS; EPO; 
OR US-2018338770-A1 JPO; DERWENT; 
OR AU-2007200632-82 IBM_TDB) 
OR AU-2007200632-A1 
OR US-6719718-82 OR 
US-6805684-82 OR 
US-6676627-81 OR 
US-6945951-81 OR 
WO-2016146640-A 1 
OR US-6764483-B 1 OR 
AU-2010202027-
A1).did. 

L80 20 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20150173782-A 1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(WO-2015100178-A 1 CZ, DD, DE, DK, EA, 
OR EP-3086835-A 1 OR EE, EP, ES, Fl, FR, GB, 
US-9561345-82 OR HR, HU, ID, IE, IL, IS, 
EP-3086835-81 OR IT, JP, KR, LT, LU, LV, 
US-10569049-82 OR MA, OA, RU, SU, WO, 
EP-4137191-A1 OR MC, MD, MY, NL, NO, 
US-10864351-82 OR NZ, PH, PL, PT, RO, 
US-10213582-82 OR RS, SE, SG, SI, SK, 
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US-2022370767-A 1 OR TH, TN, TR, TW, UA, 
US-2022280753-A 1 OR VN); FPRS; EPO; 
US-10471233-B2 OR JPO; DERWENT; 
US-201727 4180-A 1 OR IBM_TDB) 
US-2023241348-A 1 OR 
US-2020345981-A 1 OR 
US-2018133436-A 1 OR 
US-2021069467-A1 OR 
US-2017281204-A 1 OR 
US-11534575-B2 OR 
US-2017368309-A 1 OR 
US-11318282-B2).did. 

L81 30 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-20170319221-A1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(WO-2017192351-A 1 CZ, DD, DE, DK, EA, 
OR EP-3451947-A1 OR EE, EP, ES, Fl, FR, GB, 
US-10588650-B2 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-A 1 OR NZ, PH, PL, PT, RO, 
EP-3692933-B1 OR RS, SE, SG, SI, SK, 
CN-113425224-A OR TH, TN, TR, TW, UA, 
US-2020178990-A 1 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 
More like doc: USOCR; FIT (AU, AP, 
US-6767353-B1 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(WO-0307 4104-A2 OR CZ, DD, DE, DK, EA, 
WO-0307 4104-A3 OR EE, EP, ES, Fl, FR, GB, 
US-2005113853-A 1 OR HR, HU, ID, IE, IL, IS, 
US-87 4 7332-B2 OR IT, JP, KR, LT, LU, LV, 
US-2012010640-A 1 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, SI, SK, 
US-2014171988-A1 OR TH, TN, TR, TW, UA, 
US-2013296906-A 1 OR VN); FPRS; EPO; 
US-2005228418-A 1 OR JPO; DERWENT; 
US-2013110143-A1 OR IBM_TDB) 
US-8496680-B2 OR 
US-8043312-B2 OR 
US-2010049169-A 1 OR 
US-8043314-B2 OR 
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US-5120323-A OR US-
2004230213-A 1 OR 
US-6482215-B1 OR 
EP-4034182-B1 ).did. 

L83 26 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-8939991-B2 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
(US-2010036312-A 1 CZ, DD, DE, DK, EA, 
OR US-2015119896-A 1 EE, EP, ES, Fl, 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-A 1 OR MC, MD, MY, NL, NO, 
EP-2299916-B1 OR NZ, PH, PL, PT, RO, 
US-2018092653-A 1 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-A 1 OR 
US-11648021-B2 OR 
CN-113423451-A OR 
US-8574170-B2 OR 
CN-113423451-B OR 
US-2013267934-A 1 OR 
EP-2647404-B1 OR 
US-11266434-B2).did. 

L84 33 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-54 76450-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, Fl, FR, GB, 
JP-H11514541-A OR 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-A 1 OR MC, MD, MY, NL, NO, 
US-5624396-A OR US- NZ, PH, PL, PT, RO, 
2021338255-A 1 OR JP- RS, SE, SG, SI, SK, 
2021164670-A OR WO- TH, TN, TR, TW, UA, 
2022251678-A1 OR VN); FPRS; EPO; 
US-6569146-B1 OR JPO; DERWENT; 
WO-0215802-A 1 OR IBM_TDB) 
US-5782797-A OR AU-
11 72795-A OR WO-
2008060396-A2 OR 
US-2007287956-A 1 OR 
US-2007060882-A 1 OR 
US-2010204712-A1 OR 
WO-2010093836-A2 
OR EP-2395929-
A2).did. 

L85 26 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
US-93517 4 7-B2 AT, BE, BG, BR, BY, 
Text: CA, CH, CN, CS, CU, 
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(US-2016066931-A 1 CZ, DD, DE, DK, EA, 
OR EP-3125789-A1 OR EE, EP, ES, Fl, FR, GB, 
WO-2016040550-A1 HR, HU, ID, IE, IL, IS, 
OR US-2016242798-A 1 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-A 1 OR RS, SE, SG, SI, SK, 
ES-2644543-T3 OR TH, TN, TR, TW, UA, 
AU-2009266808-A 1 OR VN); FPRS; EPO; 
AU-2009266808-B2 OR JPO; DERWENT; 
US-9855067-B2 OR IBM_TDB) 
US-8939991-B2 OR 
US-2010036312-A 1 OR 
US-2015119896-A 1 OR 
US-2018092653-A 1 OR 
US-10716586-B2 OR 
EP-2299916-B1 OR 
CA-2726851-A 1 OR 
CA-2726851-C) .did. 

L86 29 (Artificial Intelligence) (US-PGPUB; USPAT; OR 
More like doc: USOCR; FIT (AU, AP, 
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, Fl, FR, GB, 
OR WO-2009154441- HR, HU, ID, IE, IL, IS, 
A 1 OR EP-2309934-A 1 IT, JP, KR, LT, LU, LV, 
OR US-2011190806-A 1 MA, OA, RU, SU, WO, 
OR EP-2309934-B1 OR MC, MD, MY, NL, NO, 
US-2011301634-A 1 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-A 1 OR 
US-2016303297-A 1 OR 
US-9402938-B2 OR 
US-2019175210-A 1 OR 
US-10383983-B2).did. 

L87 4 "20170143359".pn. (US-PGPUB; USPAT; OR 
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) 

L88 482 (embolism clot).clm. (US-PGPUB; USPAT; OR 
AND (tube USOCR; FIT (AU, AP, 
catheter).clm. 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).clm. AND SU, WO); FPRS; EPO; 
first.elm. JPO; DERWENT; 

IBM_TDB) 

L89 316 A61 F2/01.cpc. AND (US-PGPUB; USPAT; OR 
(embolism clot) AND USOCR; FIT (AP, AT, 
(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 A61 M1/815.cpc. AND (US-PGPUB; USPAT; OR 
(embolism clot) AND USOCR; FIT (AP, AT, 
(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 
Operator 

N1 747 (embolism clot).clm. (US-PGPUB; USPAT) OR 
AND (tube 
catheter).clm. AND 
(suction "neagtive 
pressure").clm AND 
(two).clm. 

N2 154 (embolism clot).clm. (US-PGPUB; USPAT) OR 
AND (tube 
catheter).clm. AND 
(suction "neagtive 
pressure").clm. AND 
(two second).clm. AND 
first.elm. 

N3 175 (embolism clot).clm. (US-PGPUB; USPAT) OR 
AND (tube 
catheter).clm. AND 
(suction "neagtive 
pressure").clm. AND 
(two second).clm. 

N4 10244525 (embolism clot).clm. (US-PGPUB; USPAT) OR 
AND (tube 
catheter).clm. (two 
second).clm. 

NS 1460 (embolism clot).clm. (US-PGPUB; USPAT) OR 
AND (tube 
catheter).clm. 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 

[00011 This application claims the benefit of U.S. Provisional Patent Application No. 

63/307,766 filed February 8
0 

2022, and titled "CLOT TREATMENT SYSTEMS WITH 

DILATOR LOCKING MECHANISMS, AND ASSOCIATED DEVICES AND METHODS," 

,vhich is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present technology generally relates to vascular access systems, such as clot 

treatment systems, including locking mechanisms for releasably locking a dilator to a catheter 

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

BACKGROUND 

l0003] 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 vvithin a vein. A common 1-ype 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 flmvs towards the lungs, it can become a 

life-threatening pulmonary embolism (PE) (e.g., a blood clot in the lungs). In addition lo the 

loss of life that can arise from PE, DVT can cause significant health issues such as post 

thrombotic syndrome, ,vhich 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 comp! ications and inability of patients to 

work. 

[0005] Existing methods for treating DVT and PE often inrnlve 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 dilator component that is inse11ed through a catheter and used to 

-l -
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dilate the vasculature ·.vhile the catheter is 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 to easily access the 

vasculature. The introducer sheath provides a stable tract and prevents excessive manipulation 

of devices \Vith the access site, and can be inserted through the skin and tissue tract with a 

dilator component interested therein. 

[00061 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. Similarly, 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 catheter/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 

[00071 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 l 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 pariially•exploded isometric vie\v. a side cross•sectional view. and 

an enlarged view, respectivel.L 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 vie\v, and a bottom vie,v, 

respectively, of a first cap of the cap assembly of Figure 1 in accordance ,vith embodiments of 

the present technology. 

[0011] Figures 4A-4C are a perspective view, a cross-sectional vie'-v. and a bottom view. 

respectively, of a second cap of the cap assembly of Figure l in accordance with embodiments 

of the present technology. 

[0012) Figures SA and 5B are respective bottom views of the cap assembly of Figure l in 

accordance with embodiments of the present technology. 
-2-
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[00131 Figures 6A-6C are top view·s 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 lockmg 

members into 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) to move the locking members from the locked position to 

an unlocked position to uncouple the dilator locking mechanism and allo,v the dilator to move 

relative to the catheter of the vascular access system. 

!0018] Current dilator locking mechanisms may involve a direct connection between the 

associated dilator and vascular access system. For example, such locking mechanisms may 

require that the dilator be fully advanced through the clot treatment system and then rotated to 

secure the dilator, With this style of mechanism, it may be difficult for an operator to 

distinguish (e.g., visually) between situations ·where the dilator is (i) fully inserted into and 

secured to the clot treatment system and (ii) fully inserted into but not secured to the clot 
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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 system (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. ln 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 mi 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. 

[00201 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 \Vill be overtly 

and specifically defined as such in this Detailed Description section. 

10021] The accompanying Figures depict embodiments of the present technology and are not 

intended to be limiting of its scope w1less expressly indicated. The siLes of various depicted 

elements are not necessarily drawn to scale, and these various elements may be enlarged to 

improve legibility. Component <let.ails may be abstracted in the Figures to exclude details such 

as position of components and certain precise connections between such components ,vhen 

such details are unnecessary for a complete understanding of hmv 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 vvithout departing from 

the present technolo1:,•y. 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. 

[00221 With regard to the terms "d1stal" and "proximal" within this description, unless 

otherwise specified, the terms can reference a relative position of the po1tions of a catheter 
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subsystem with reference to an operator and/or a location in the rnsculature. Also. as used 

herein. the designations "reanvard," "forward," "upward," "dO\.vnward." 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. 

[00231 Figure 1 is a partially schematic side view of a vascular access system I 00 ("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 I 00 includes a tubing assembly 110 fluidly 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 ,vhich 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 configLu-ed to be inserted through the skin and tissue tract and/or to traverse 

the vasculature of a patient. ln general, the system 100 (i) can include features generally 

similar or identical to those of the clot treatment systems described in detail in US. 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 (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. 

[0024] 1n 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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[00251 The valve 102 is fluidly coupled to the lumen 121 of the catheter 120 and can be 

integral with or coupled to the proximal region 122 of the catheter 120 such that these 

components move together. In some embodiments, the valve 102 is a hemostasis valve that is 

configured to maintain hemostasis during a clot removal procedure by prernnting lluid flow in 

a proximal direction P through the valve l 02 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 to a treatment site 

in a blood vessel. In the illustrated embodiment, for example, a dilator 130 is inserted through 

the valve 102 and positioned within the catheter l 20. The valve I 02 includes a branch or side 

port I 06 configured to fluidly couple the lumen 121 of the catheter 120 to the tubing assembly 

110. In some embodiments, the valve l 02 can be a valve of the type disclosed in U.S. Patent 

Application 1\o 16/117,519, filed August 30, 2018, and titled "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 pressme source l 08 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 vake), and at least one connector 116 (e.g., 

a Toomey tip connector) for fluidly coupling the tubing assembly 110 to the pressure source 

108 and/or other suitable components. In some embodiments, the lluid 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 (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 121 of the catheter 120 to the pressure source 108. 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 m1d the fluid control device 114 

to/from the pressure source 108. 

l0027] In the illustrated embodiment, the dilator 130 is inserted through the valve l 02 in a 

distal direction D and extends fully through the lumen 121 and past the distal terminus 128 of 

the catheter 120. such that a distal tip 132 (e.g., an atraumatic tip) of the dilator 130 is 

positioned beyond the distal terminus 128 of the catheter 120. The dilator 130 and the system 
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100 can together define a catheter or introducer assembly 1 OJ that can be inserted into a patient 

(e.g .. a human patient) during a clot treatment procedure. For example. the dilator 130 and the 

system 100 can be inserted into and advanced together through a blood vessel of the patient to 

a target location in the blood vesseL The dilator l 30 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 system 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 

AS SOCIA TED DEVICES AND METHODS," which is incorporated herein by reference in its 

entirety. 

10028] The catheter assembly 101 can include a locking mechanism or cap assembly 140 

(\vhich 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 tbe dilator 130 to the valve 102 

and the catheter 120 to inhibit or even prevent the dilator 130 from moving \\ithin 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 eyen prevent the distal tip 132 of the dilator 130 from moving 

proximally toward the distal terminus 128 of the catheter 120 vvhen the catheter assembly 101 

is advanced through the vasculature of the patient. 

[00291 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 (ii) a second or distal cap 160 coupled to a 

proximal portion I 04 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 vvithin 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 is inserted into the 

catheter 120 and/or whether the dilator 130 is secured to the system 100) by vie\ving the cap 

assembly 140. Additional details regarding the cap assemblies of the present technology, 

including the cap assembly 140, are discussed in detail belov-i \Vith reference to Figures 2A-8. 
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[00301 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) ,:vithin the patient, 

the cap assembly 140 can be unlocked and the dilator 130 \\ithdrawn from the catheter 120. 

TI1en, a user can first close the fluid control device 114 before generating a vacuum in the 

pressure source 108 by, for example, ,vithdrawing the plunger of a syringe coupled to the 

connector 116. In this manner, a vacuum is charged vvithin the pressure source l 08 (e.g, a 

negative pressure is maintained) before the pressure source l 08 is fluidly connected to the 

lumen 121 of the catheter 120. To aspirate the lumen 121 of the catheter 120, the user can open 

the fluid control device 114 to fluidly connect the pressure source 108 to the catheter 120 and 

thereby apply or release the vacmun stored in the pressure source 108 to the lumen 121 of the 

catheter 120. Opening of 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. ln 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, \Yhere 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 I Figure 2A is a partially-exploded isometric view of cap assembly 140 of Figure 1 in 

accordance \Vith 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 (Figme 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 paraJlel or generally parallel to the longitudinal axis X. In the illustrated embodiment, 

the first cap 150 includes t,vo 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 featmes 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 
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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 

fe-wer 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 

locking features 262. Tn 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 generat 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 wiU1 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 Yalve 102) to secure the first cap 150 to the second cap 160. In 

some embodiments, aligning the locking members 252 \\ith 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. \Vhile moving the dilator 130 through the 

valve l 02, 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. \Vith 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. 
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[00341 More specifically, Figure 2B is a side cross-sectional view of the cap assembly 140 of 

Figure 2A in accordance vilith embodiments of the present technology. Figure 2C is an 

enlarged ,ie,v of a region 2C of Figure 2B in accordance ·with embodiments of the present 

technology. 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 ,vall 263 and a second or outer ,vaJl 265 spaced 

radially apart from the inner ,vall 263. In the locked position shovm 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 265. 

f0035) 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 16!). 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 imvard 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 opposHe 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 from the luer connector 134. 

Once the distal flange 236 has moved distally past the luer coupling members 253, the luer 

coupling members 253 can return to their original (e.g., tmbent) con.figuration, as shown in 

Figure 28. With the luer connector 134 and the luer coupling members 253 in the respective 

positions shmm 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 to 

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. 
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[00361 Referring to Figure 2C each of the locking features 262 in the second cap 1 GO 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 

,.vall 265 to,vard the inner \Vall 263 in an inward direction perpendicular or generally 

perpendicular to the inner and/or outer walls 263, 265. The first surface 266 can extend 

up,,·ardly at an incline from the second surface 268 and away from the inner wall 263, to, for 

example, form an acute interior angle with the second surface 268. In other embodiments, the 

first and second surfaces 266, 268 can be positioned on the inner wall 263 opposite the outer 

,vall 265, 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 illustrated embodiment, 

the tab 254 extends out\vard and/or perpendicularly from the associated locking member 252 

(e.g., tmvard the outer wall 265). In other embodiments, one or more of the tabs 254 can 

extend inward from the associated locking member 252 I e.g., toward the inner ,vall 263), or in 

any other suitable direction. The tab 254 can define a stopping or retaining surface 256. When 

the first cap 150 is coupled to the second cap 160, as shown in Figure 2C, the retaining surface 

256 is at least partially aligned with andlor parallel to the second surface 268. The alignment of 

the retaining surface 256 ,vith 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 ,vhich, in turn, can couple or "lock" the first cap 150 and the second cap 160 to one 

another. In Figure 2C, the retaining surface 256 and the second surface 268 are shmvn as being 

spaced apart for the sake of illustration; those of ordinary skill in the art vvill understand that, in 

other embodiments, at least part of the retaining surface 256 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. 

[00381 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 imvardly in a first direction DI (Figure 2C: e.g., toward the longitudinal a.xis 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 

tmvard 1he 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 

(Figme 2C; e.g., away from the longitudinal axis X in Figure 2A) opposite the first direction 

Dl. The movement of the locking members 252 in the second direction 02 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 16(} 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. 

10039] Figures 3A-3C are a perspective view, a cross-sectional vie,\', and a bottom view, 

respecti yely, of the first cap 150 in accordance ,vith embodiments of the present technology. 

Referring to Figures 3A-3C together, the first cap 150 can have a longitudinal axis Y and, 

,;vhen the first cap 150 is coupled to the valve 102 and the catheter 120 (Figure 1), the 

longitudinal a--is Y can be the same as (e.g., colinear "',ith) 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 m,ymmetricaL Referring to Figure 3B, each 

of the locking members 252 can be deflectable at least in the first direction Dl (e.g., outwardly 

and/or mvay from the longitudinal axis Y). Each of the luer coupling members 253 can be 

oppositely deflectable compared to the locking members 252 (e.g., at least in the second 

direction D2). Each of the locking members 252 and/or the luer coup1ing members 253 can 

extend away from an upper surface 357 of the first cap 150 (e.g .. do1,mvardly and/or in a 

direction parallel or generally parallel to the longitudinal axis Y). Referring to Figure 3C, each 

of the locking members 252 andlor the luer coupling members 253 can be curved or arcuate 

and extend at least partially around the longitudinal axis Y. Tn 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 vie,v. and a bottom vie'.'v. 

respectively, of the second cap 160 of the cap assembly 140 of Figure 1 in accordance with 

embodiments of the present techno1%,Y. Referring to Figures 4A-4C together, the second cap 

160 can have a longitudinal axis Zand when the second cap 160 is coupled to the valve 102 
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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 150 (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 a,is Y (Figures 3A-3C). Each of the locking features 262 and/or one or 

more of the elements thereof (e.g., the slot 264, the first surface 266, etc.) cm, be curved or 

arcuate and extend at least partially aro1md the longitudinal axis Z. 

[0041 I Referring to Figures 4 A and 4 B together, each of the locking features 262 can include 

an a-xial removal surface 470. Each of the a-x.ial removal surfaces 470 can be adjacent to the slot 

264, opposite an end ,val! 469 of the slot 264 and at least partially between the first srn-face 266 

and the inner wall 263. Additionally, each of the axial removal surfaces 470 can be inclined 

upwardly (e.g., along the longitudinal axis Zand/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 4 70 can drive the locking members 252 a,xially and/or upwardly there along, 

as described in detail below with reference to Figures 5A and 58. 

[00421 Referring to Figure 4C, each of the locking features 262 can further include a radial 

removal surface 472. Each of lhe radial removal surfaces 472 can be posilioned at least 

partially within the associated slot 264 and extend (e.g., dow11,vardly, distally) from the 

associated second surface 268 (from the perspective shown in Figure 4C, the radial removal 

surfaces 472 extend away from the page low-ard the viewer) Additionally, each of the radial 

removal surfaces 472 can be angled relative to the outer waJl 265 and/or the inner wall 263. ln 

the illustrated embodiment, for example, each of the radial removal smfaces 4 72 extend inward 

away from the outer wall 265 and toward the inner wall 263 and/or the longitudinal a'Cis Z. 

Accordingly, when the locking members 252 are positioned in the slots 264 and brought into 

contact ,vith the radial removal surfaces 472, the radial removal surfaces 472 can drive the 

locking members 252 inwardly there along, as described in detail belmv with reference to 

Figures 5A and 5B. 

[0043] l11e slots 264 can have a slot dimension S defined at least partially by the slot end ,vall 

469 and the axial removal surface 470. The slot dimension S can be an angle, an arc length, or 

any other suitable dimension. Be.cause 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 ]50 with the second cap 160. Additionally, or alternatively, the slot dimension Scan 

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 relatiYely 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 150. 

[0044] Figures SA and SB are respective bottom views of the cap assembly of Figure 1 in 

accordance vvith embodiments of the present technology. In Figure 5A, the cap assembly 140 

is in the locked position ,vith 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 \.vhich 

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 Risa clochvise direction when viewed from the bottom 

of the cap assembly 140 (e.g., a counter-clochvise direction when vie\-ved 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-clock.vise direction when viewed from the 

bottom of the cap assembly 140 (e.g., a clochvise direction when vie,-ved from the top of the 

cap assembly 140), 

10045] Referring to Figures 5A 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 m the direction R, the radial removal surfaces 472 can deflect 

each of the tabs 254 imrnrd in the direction D L as sho,m in Figure 5R This deflection of the 

tabs 254 causes a corresponding imvard 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 accidentally 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 shm-vn in Figure 58, 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 a\.ial rernovaJ surface 470 and cause the first cap 150 to move away from 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. Hmvever, it ,viii be appreciated that, ,,ith the tabs 254 

deflected inwardly in the position shmvn in Figure SB, 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, m some aspects of the present technology the locking features 262 

include (i) the insertion surface 266 for deflecting one or more of the tabs 254 inward during 

insertion ancl/or in response to a"Xial movement, (ii) the radial removal surface 472 for 

deflecting tl1e tabs 254 imvard (e.g., radially imvard) during removal and/or in response to 

rotary movement, and (iii) the axial removal surface 470 for moving the tabs 254 upward (e.g., 

axially upward) during removal and/or in response to rotary movement. The insertion surface 

266 can be positioned to align \vith the corresponding tab 254 when the cap assembly 140 is in 

the unlocked position. During insertion, tlie tab 254 can move to\vard, contact, and translate 

inwardly along the insertion surface 266. The radial removal surface 472 can be positioned 

proximate the tab 254 tvhen the cap assembly l40 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 lab 254 can move to,vard the axial removal surface 470 as it translates along the radial 

removal surface 472. The axial removal surface 470 can be angled up·wardly, mvay from the 

radial removal surface 472. Accordingly, during removal, the tab 254 can move (e.g., rotate) 

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. 

l0048] Figures 6A~6C are top views of respective second caps in accordance \Yith additional 

embodiments of the present technology. Each of the second caps 660a-c can be generally 

similar to the second cap 160 of Figures l-2C and 4A-5B. However, referring to Figure 6A, 

the second cap 660a includes a reduced slot dimension Sl, such that the second cap 660a does 

not allow lhe first cap (not shovvn) to rotate while remaining coupled to the second cap 660a 

m1cl/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 allmvs 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 660c 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. 

ro049] Figure 7 is a top view of a second cap 760 configured in accordance v,ith additional 

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 hvo radial removal surfaces 772 positioned e.g., on left and 

right sides of the outer wall 765. The second cap 760 can fu1iher include axial removal 

surfaces 770 positioned on the left and right sides of the locking features 762 and/or aligned 

vvith the radial removal surfaces 772 thereof Accordingly. ,vhen a locking member of a first 

cap ( e.g., the locking members 252 of the first cap 150 of Figtu-e 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 cloch,ise) 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 a-..:.ial removal srnfaces 

770. This rotationally agnostic configuration of the locking features 762 is expected lo allow 

the first cap to be quickly and easily uncoupled from the second cap 760. The locking features 

762 can be aligned \.Vi.th and/or positioned distally of a respective first surface 766, and the 

locking 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 to couple with the 

locking features 762. 

[0050] In some embodiments, the second cap 760 can include one or more suppo11 surfaces 

774positioned radially inward of one of the first surfaces 766, e.g., betYveen 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 vievv 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 al least some aspects that 

are at least generally similar or identical in structure and/or function to the valve 102 of Figure 

I. 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 by 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 ftmction to one or more of the second caps 160, 660a-c, 760 described herein. 

In the il1ustrated embodiment, for example, the integrated locking feature 860 includes at least 

some features that are at least generally similar in structure and/or flmction 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 re1easably couplable to the vah:e 802. 

[0053) Several aspects of the present technology are set fo1ih in the following examples: 

l. A cap assembly for a catheter. the cap assembly comprising: 

a first cap including a locking member, \vherein 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 indudes 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 receiYe the locking 

member through the slot such thal 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 to rotate relative to the second cap to move the tab out 

of engagement ,vith the second cap to move the first cap from the locked 

position to an unlocked position. 

2. The cap assembly of example l ,vherein the first cap includes an upper surface. 

and \vherein 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 \vherein the tab extends 

perpendicularly from the locking member. 

4. The cap assembly of any one of examples 1-3 wherein the tab defines a 

retaining surface positioned to contact at least a portion of the second cap when the first cap is 

coupled to the second cap. 

5. 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 bettveen 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 includes a 

longitudinal axis, and where the insertion surface is angled to bend the locking member inward 

toward the longitudinal axis. 
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9. The cap assembly of any one of examples 1-8 \vherein the locking feature 

includes a radial removal surface, and vvherein the radial removal surface is angled to deflect 

the tab imvard when the first cap is rotated relatiYe to the second cap. 

J 0. The cap assembly of any one of examples 1-9 \Vherein the locking feature 

includes an axial removal surface positioned proximate the slot and angled to move the first 

cap mvay 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 lo be at least partially aligned with the locking 

member and angled to deflect the locking member inward vvhen the first 

cap moves from the tu1locked position toward the locked position, 

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 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 

moves from the locked positioned toward the tu1locked 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 first locking feature, \vherein the first 

cap includes one or more second locking members, \vherein the second cap includes one or 

more second locking features, and wherein individual ones of the second locking members are 
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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 rot.ationally 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 bet.veen a locked configuration and an unlocked 

configuration, wherein the cap assembly includes (i) a nlve cap connected to 

the proximal end of the valve and including a coupling feature, and (ii) a dilator 

cap coupled to the dilator and including a coupling tab inse11able into the 

coupling feature, ,vherein-

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 system of example 14 wherein the coupling tab is flexible_ 

vvherein 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 14-16 wherein valve cap 

has a valve cap longitudinal axis, and \vherein 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 w·herein the coupling feature 

includes an insertion surface positioned to engage and deflect the coupling tab toward the 

longitudinal a,"X.is when the cap assembly moves from the unlocked configuration toward the 

locked configuration. 

20. The vascular access system of example 19 \,·herein the insertion surface is 

positioned proximally from the coupling surface. 

21. The vascular access system of exan1ple 19 or example 20 wherein the insertion 

surface fom1s an acute interior angle relative to the coupling surface. 

22. The vascular access system of any one of examples 14-21 ,,herein 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 Jocked configuration 

tO\vard the unlocked configuration. 

23. The vascular access system of any one of examples 14-22 ,vherein the coupling 

feature includes (i) a slot configured to receive the coupling tab, and (ii) an axial remo\'al 

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 system 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 ,vherein-

in the locked confi.grn-ation, 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 configmation toward the unlocked configuration. 

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

is integrally formed \\ith proximal end of the valve. 

26. The vascular access system of any one of examples 14-24 1,vherein 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 system with a second cap of the vascular 

access system, ,vherein 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 ,vherein 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 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, m1d 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 example 27 ,vherein 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 \\'herein 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 \vherein moving the first cap tmvard the second cap 

includes (i) 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 dellect the tab. 

32. The method of any one of examples 27-31, 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 \vhen 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 mvay 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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[00541 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 o[ and examples for, the technol%,'). are described above for illustrative 

puqJoses, various equiYalent modifications are possible within the scope of the technology as 

those skilled in the relevant art ,vill 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. 

l00551 From the foregoing, it will be appreciated that specific embodiments of the technology 

have been described herein for purposes of illustration, but \vell-known structures and 

functions have not been shmvn 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. 

f0056) Moreover, unless the ,:vord "or" is expressly limited to mean only a single item 

exclusive from the other items in reference to a list of tw·o 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) al1 of the items 

in the list, or (c) 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 andior additional types of other features are not precluded. It ,.-vill also be 

appreciated that specific embodiments have been described herein for purposes of illustration, 

but that various modifications may be made ,vithout 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: 

I. A cap a<;sernbly for a catheter_ the cap assembly comprising: 

a first cap including a locking mernbeL \1,,-herein 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 featme 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 lo inhibit mmemenl of the first cap relative lo 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 lo an unlocked position. 

2. The cap assembly of claim 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 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 

bet\veen the unlocked position and the Jocked position. 
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6. The cap assembly of claim 1 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 claim 1 ,:vherein 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 claim 7 wherein the cap assembly includes a longitudinal 

axis, and \\here the insertion surface is angled to bend the locking member imvard toward the 

longitudinal axis. 

9. The cap assembly of claim l ,vherein 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 I 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 claim l 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 ,vhen the first cap moves 

betvveen 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 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, 
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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 inward when the first cap moves from the locked 

position toward the unlocked position, and 

an a.xial removal surface positioned proximate the slot and angled to move the 

first cap longitudinally away from the second cap when the first cap 

moves from the locked positioned toward the unlocked position. 

12. The cap assembly of claim 1 vvherein 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, vvherein 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 mores the tab out of engagement 

\Vith 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 

confif,'1.lfation, wherein the cap assembly includes (i) a valve cap connected to 

the proximal end of the valve and including a coupling feature, and (ii) 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 a-xis, and 
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the dilator cap is configured to rotate relative to the rnlve cap to move the 

coupling tab out of engagement \vith the valve cap to move the cap 

assembly from the locked configuration tmvard the unlocked 

configuration. 

15. The vascular access system of claim 14 ,,herein the coupling tab is flexible, 

,vherein the coupling feature is configured to deflect the coupling tab toward the longitudinal 

a-xis \vhen 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 longitudinal axis. 

18, The vascular access system of claim 14 wherein the coupling feature includes a 

coupling surface positioned to at least partially contact the coupling tab of the dilator cap ,vhen 

the cap assembly is in the locked configuration. 

19. The vascular access system of claim 18 ,vherein the coupling feature includes 

an insertion surface positioned to engage and deflect the coupling tab tm:vard 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 1s 

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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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 from the locked configuration toward the 

unlocked configuration. 

23. The vascular access system of claim 14 1,vherein the coupling feature includes 

(i) a slot configured to receive the coupling tab. and (ii) an axial removal surface positioned 

proximate the slot and angled lo move the dilator cap away from the valve cap along the 

longitudinal axis "'hen 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 vahe 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 system 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: 

ahgning a first cap of the vascular access system v,ith a second cap of the vascular 

access system, -wherein the first cap is coupled to a dilator of the vascular access 

system, ,vherein the second cap is coupled to a catheter of the vascular access 

system, and ,vherein 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 to the 

catheter of the vascular access system. wherein coupling the first cap to the 
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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 coupling 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 

\,vith 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 ,vherein moving the first cap to,vard the second cap 

includes (i) 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 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 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 featme, 

wherein the radial removal surface is angled to deflect the locking member \Vhen 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 \Vherein moving the first cap mvay 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 mvay 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 a second direction opposite the first direction to w1couple the first cap from the second cap. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

therapy alone has the limitation in that it may take several 
hours of infusion to effectively dissolve the clot. lnterven­
tional thrombectomy therapies have involved capturing 
and removing the clot using snares, coils or temporary 

[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. 

5 stents ( also known 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 

10 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. 

BACKGROUND 

15 [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 

[0003] The present disclosure relates generally to 20 

medical methods and devices for the treatment of acute 
ischemic stroke. More particularly, the present disclosure 
relates to methods and systems for navigating complex 
anatomy to perform rapid and safe aspiration and remov-
al of cerebral occlusions. 25 

[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 30 

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- 35 

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 40 

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 45 

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 50 

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 (IA) thrombolytic 
therapy and interventional thrombectomy involve ac- 55 

cessing the blocked cerebral artery via endovascular 
techniques and devices. 
[0006] Like IV thrombolytic therapy, IA thrombolytic 

2 

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. lnterventional 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] In one aspect, there is disclosed an intravascu-
lar access system for facilitation of intraluminal medical 
procedures within the neurovasculature through an ac- 5 

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 10 

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 a rigid, dilator 15 

spine extending proximally from the dilator portion. 
[001 O] 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 at least 
as long as a length of the catheter such that a distal tip 20 

of the dilator protrudes from the distal opening of the lu­
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 25 

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 configuration they can be advanced 
as a single unit through the access sheath. The gripping 30 

feature and the dilator tab can be removably coupled 
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. The di-
lator tab can be affixed to the dilator or can be slideable 35 

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 40 

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 45 

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 50 

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. 55 

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 reg ion 
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
ing and the distal opening. The aspiration or support cath­
eter includes a rigid spine coupled to at least 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 at least 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 to reach 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 body. 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 ?Fr. 
[0014] The sheath body can have a length between 
the proximal end and the distal end suitable for locating 5 

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 10 
portion can be less than a length 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 15 
of the sheath body. The luminal portion can include three 
or more layers including an inner lubricious liner, a rein­
forcement layer, and an outer jacket layer. The outer jack-
et layer can be composed of discreet sections of polymer 
with different durometers, compositions, and/or thick- 20 
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 25 
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 30 
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- 35 
elude 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 40 

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 45 
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 50 
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 55 
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 
a flexible, 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 are in a locked 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 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. 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 
of the 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 proximal hemostasis 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 5 

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 aspiration line can connect 
to an aspiration source. The aspiration source can be an 
active aspiration source. The aspiration line can connect 10 
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- 15 
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- 20 
ciples of the invention. 

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; 

BRIEF DESCRIPTION OF THE DRAWINGS FIG. 13 is a cross-sectional view taken about line A­
A of FIG. 12B; 

[0021] 25 
FIG. 14 is a cross-sectional view taken about line B-

FIG. 1 is an exploded view of a system of devices B of FIG. 12B; 
for accessing and removing a cerebral occlusion to 
treat acute ischemic stroke from a femoral artery ac-
cess site; 30 

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-

FIG. 2A shows components of the system of FIG. 
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; 

35 

40 

tion; 

FIG. 15B shows the spined aspiration catheter-dila­
tor system 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 

FIG. 5 shows an implementation of a proximal par- 45 
lion of the access sheath of FIG. 4 provided as a 

[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 

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; 

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 

50 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 

55 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 

5 
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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 5 

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- 10 
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- 15 
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- 20 
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 25 
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 30 
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 35 
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 embodiment may be combined in any 
suitable manner. The use of relative terms throughout 40 

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- 45 
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. 

eludes 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, a tapered 
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 betv,een 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 

[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 

50 via a connector 226 on the access sheath 220. An overlap 
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 

one or more arterial access sheath system 200 that in-

55 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-

6 
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tween the sheath body 222 and the luminal portion 322 
is located proximal to the side opening. 

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, 
it is also a period of embolic risk. While there is blockage 

[0029] Key dimensions that affect aspiration force 
through a tube include radius (r), pressure (P), viscosity 
(n) and length (L) where Flow= Q = nr4(l~P)/8nl. Chang­
es in radius increase flow to the 4 th power and length is 
inversely proportional to flow. As will be 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 

5 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 a retrievable stent 
device across the occlusion, remains stagnant. However, 
when flow is restored to the artery, the emboli can now 

10 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-

15 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 

guide, but steps up in luminal diameter upon reaching 20 
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. 25 
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 30 
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- 35 
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 40 

catheter 320 and access sheath 220. This can increase 
the ease and ability to perform angiograms during device 
navigation. 
[0030] Current stroke interventions pose a risk of distal 
emboli being released. During the effort to remove or 45 
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- 50 
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- 55 
icate anatomy and access challenges as well as the need 
for rapid intervention, these types of embolic protection 
systems are not used in interventional treatment of acute 

7 

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 occlusion is 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. Th is 
aspect allows distal protection without high levels of 
blood loss, yet allows a strong aspiration force as needed 
to remove the occlusion. 
[0033] In another 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] In another 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 20 to 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 
a smooth 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 
over its length, with increasing flexibility towards the distal 

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 

5 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 

10 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*I) in the 

15 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 I is 
the area moment of inertia of the device. In another im­
plementation, there is a transition section between the 

20 distal-most flexible section and the proximal section, with 
one or more sections of varying flexibilities between the 
distal-most section and the remainder of the sheath body 
222. ln this implementation, the distal-most section is 
about 2 cm to about 5 cm. the transition section is about 

25 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 

30 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 
radiopaque material, for example a barium polymer or 
tungsten polymer blend. The distal region of the sheath 

35 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 

40 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 

45 222, 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 

50 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-

ss 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 

8 
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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- 5 

plementation, the aspiration source is an active aspira-
tion source such as a syringe or a pump. In another 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 10 

2010/0217276, which are both incorporated by refer­
ence. The large bore aspiration line 230 can be construct-
ed to be resistant to collapse. For example, the aspiration 
line 230 can be a thick-walled polymer tubing or a rein­
forced polymer tubing. The aspiration line valve 232 en- 15 

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- 20 

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 or more suture 25 

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- 30 

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 35 

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- 40 

Borst valve or rotating hemostasis valve (RHV). The he­
mostasis valve 234 can be integral to the access sheath 
220, or the 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 45 

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 50 

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 55 

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-

9 

cular access techniques such as a micropuncture tech­
nique or Modified Seldingertechnique. 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 
is thus 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 to the 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-mm2. 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 5 

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] The distal section of the soft, second dilator may 
be, for example, 35 or 40D PEBAX, with a proximal por- 10 

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 15 

between .037" to .041". ln 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 20 

with an inner dilator and an outer dilator, as described 
above. In an implementation, one or both dilators may 
have radiopaque tip markers 224 so that the dilator tip 
position is visible on fluoroscopy. In one variation, the 
radiopaque marker 224 is a section of tungsten loaded 25 

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 30 
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, 35 

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 40 

a point further away from the target site and therefore 
away from the x-ray source and/or image 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 45 

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 50 

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. 55 

[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 

10 

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 
the flush 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. 5 

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 10 
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, 15 
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- 20 
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 25 
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 30 
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. 35 
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 40 

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 45 
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 50 
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 55 
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 

11 

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 number 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, 
0.5 mm, 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). ln 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 5 

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- 10 

tioned to allow for distal extension of the catheter 320 
from the side openings 1219 in a desired direction relative 
to the longitudinal axis A of the sheath 220. Inclusion of 
a wide-mouthed side opening 1219 can allow for a range 
of exit angles for the catheter 320 from a position sub- 15 

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 20 

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 25 

the aorta-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 30 
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 35 

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 40 

a long, tortuous access route. The route may contain 
stenosis plaque material in the aortic arch and carotid 

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 a seal 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 outer 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 inner lumen ofthe first spined catheter 
320 that fluidly communicates with an inner lumen of the 
sheath body 222 forming a contiguous aspiration lumen. 
[0059] 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 
target site, 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 
liner is a PTFE liner, with one or more thicknesses along 
variable sections of flexibility. In an implementation, the 

and brachiocephalic vessel origins, presenting a risk of 
embolic complications. Further, cerebral vessels are 
usually more delicate and prone to perforation than cor- 45 

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 50 reinforcement layer is a generally tubular structure 
osity rather than pushing through it. U.S. Patent Publica­
tion Number 2015/017 4368, 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 

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 

55 the desired combination of strengths, flexibility, and re-
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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 



-519-

23 EP 3 620 204 A1 24 

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 

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 (HOPE), polytetrafluoroethylene 
(PTFE), polyarylene oxides, polyvinylpyrolidones, poly­
vinylalcohols, hydroxy alkyl cellulosics, algins, saccha-

s 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 

10 the sealing element 336 behaves as an O-ring, quad ring, 
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 

rides, caprolactones, and the like, and mixtures and com­
binations thereof. Hydrophilic polymers may be blended 1s 
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 20 
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 2s 
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- 30 
eter 320 approaches the inner diameter (ID) of the 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 35 
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- 40 

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 45 
seals with the access sheath. In another implementation, 
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 so 
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, 
a seal to fluid being injected or aspirated can be achieved 
by the overlap portion 328 such that no increase in cath- ss 
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-

13 

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 
in the Fl Gs. 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] In an implementation, the overlap region is con­
figured to enable sealing against a vacuum of up to 25 
inHg, or up to 28 inHg. In an implementation, the overlap 
reg ion 120 is configured to enable sealing against a pres-
sure of up to 300 mm Hg or up to 600 mm Hg 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 5 

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 10 

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 15 

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- 20 

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 25 

(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 30 

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- 35 

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 40 

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 45 

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 50 

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 55 

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-

14 

other implementation, the spine 330 is a ribbon with di­
mensions ranging from .01 O" 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 316L V 
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-molybdenumalloys(e.g., UNS: N10665such 
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 ELG ILOY®, 
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-

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 

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. 

5 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 

10 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 [0069] Because the spined aspiration catheter 320 

does not have a lumen 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 

transition down to the guidewire that extends out the inner 
15 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-

20 mentation, the inner luminal diameter may be 
between .020" and .024". The tapered distal tip 346 may 

be a tube with a rounded or tapered tip on a distal end 
and a female Luer connection on the proximal end. The 25 

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- 30 

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 35 

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 40 

lumen 323 of the distal luminal portion 322. Flushing may 
occur in conjunction with plunging the device 350, to more 
effectively clear the catheter 320 of entrapped thrombus 
or other embolic material. 
[0070] In an alternate implementation, the aspiration 45 

catheter 320 is a single lumen catheter, for example, the 
type of catheter described in co-pending application U.S. 
Patent Publication Number 2015/017 4368, filed Decem-
ber 12, 2014. In such an implementation, the catheter 
may be supplied with or coupled with a tapered co-axial 50 

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- 55 

igated through the vasculature over an appropriately­
sized microcatheter and guidewire. Alternately, the 
spined catheter 320 can be supplied with a co-axial dilator 

15 

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 incorporate 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. 0.01 0" - 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 an implementation, the distal end 
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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. 5 

[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 10 

material, with increasingly stiffer materials towards the 
more proximal sections. In some implementations, the 
dilator340 can be 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 15 

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 20 

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 25 

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- 30 

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 35 

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- 40 

piration lumen 1323. The spine 1330 can extend between 

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 inner lumen 1323. Accordingly, the spined 
aspiration catheter-dilator 1300 may be smooth to the 
vascular wall it interfaces with. 
[0077] The proximal spine 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 

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-

45 spines 1362, 1330 may be stiff and/or kink resistant. Fur­
thermore, one or both of the spines 1362, 1330 may have 

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-

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 

50 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-

55 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 

16 
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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., 5 

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- 10 
nel can be located along a length 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- 15 
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. 20 
[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 25 
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. 30 
[0080] Referring to FIG. 13, a cross-sectional view, 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- 35 
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 possible). The wall of the distal luminal 40 

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 embodiment, an outer dimension 
of the dilator portion 1360 may be less than the inner 45 
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] Referring to FIG. 14, a cross-sectional view, tak- 50 
en about line B-B of FIG. 12B, of a spined catheter 1320 

effective diameter of the lumen 1323 ranges up to 0.072 
inches. 
[0082] Referring to 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] Referring to 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 is illustrated 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 

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 

55 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 em bolus. 
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. 

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 

s 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). 

10 [0089] In a 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 

1s configured to be particularly suited for performing these 
functions. For example, as shown in FIG. 1 0A, 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 

20 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. 

2s [0090] In another example, in FIG. 1 OB, the retrievable 

[0087] In an implementation, the system includes a mi- 30 
crocatheter400 (see FIG. 1). The microcatheter400 can 

stent device 500 includes two or more segments with one 
or more proximal segments 51 0a 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 stent device 500 has been removed from the luminal 

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 35 
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 40 

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 45 
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 so 
liner. The microcatheter 400 can be at least about 5-10 

portion 322 of the catheter 320, additional aspiration can 
be applied to the site through the catheter 320 if it is still 
partially or fully 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-

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. ss eter, or a spined aspiration catheter 320. 
[0088] In an implementation, the system includes a re­
trievable stent device 500 with a distal expandable sec­
tion 510, which is sized and configured to be delivered 

18 

[0091] The implementations of device 500 as shown 
in Fl Gs. 1 0A-1 0C 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 5 

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 of aspiration 600 may be separate, 
such as a mechanical or electromechanical fluid pump 10 
whose outlet is connected to a blood collection reservoir 
or may be combined into a single device such as a syringe 
or syringe pump. Alternately, the blood collection reser-
voir is connected to a source of vacuum such as a hospital 
vacuum line or an air vacuum pump, and is thus the re- 15 
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 20 
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 25 
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 30 
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 35 
aspiration to be used when the catheter is 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- 40 

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 45 
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 50 
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- 55 
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 

19 

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 
to no vacuum, or from a high level of vacuum to a pressure 
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] In another implementation, 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 s 
not automatically open. 
[0099] In an implementation, 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, 10 

a higher level of flush when the aspiration source is on 
a high setting. In an implementation, the valve allows yet 
a higher level of flush when the valve 242 is closed. These 
configurations allow a continuous removal of debris 
and/or clear visibility of the proximal portion ofthe access 15 

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 20 

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 not remain in the sheath where it might be re-injected 
into the vasculature, for example during a contrast injec- 25 

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 kit includes an access sheath system 200 where-
in the access sheath system includes an access sheath, 30 

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- 35 

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- 40 

pered catheter system 300, a microcatheter 400, and a 
retrievable stent device 500. 
[0101] In an implementation configured for transcarot­
id access, the kit includes an access sheath 220, wherein 
the insertable sheath body 222 length is about 23 cm, 45 

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 
of about 57 cm. In an implementation, the kit also includes 
a spined aspiration catheter 320 wherein the catheter so 
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 55 

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 

20 

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 micro catheter 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 kit includes 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 
shown in FIG. 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, the access 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 5 

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 10 
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- 15 
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 still an overlap region 120 20 
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. In an alternate 
implementation, a microcatheter 400 is used in place of 
the tapered dilator 340 to help navigate the catheter 320 25 
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. At any point dur-
ing device navigation, aspiration may be initiated from 
the aspiration source 600 at a level suitable for distal 30 
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 35 
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 40 

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 45 
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, 50 
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 55 
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-

21 

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 embolic 
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 emboli 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 
proximal valve 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 or into 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 5 

stent device 500 can be used in conjunction with aspira-
tion to remove the thrombotic occlusion. FIG. 9 illustrates 
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 10 

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 15 

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. 20 

[0113] At this 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, 25 

aspiration may be initiated from the aspiration source at 
a level suitable for distal embolic protection, for example 
when the guidewire or m icrocatheter 400 is crossing the 
occlusion, or prior to stent deployment. By having aspi­
ration initiated before stent deployment, any emboli that 30 

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. It is typically deployed for several minutes before 35 

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 40 

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 45 

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 50 

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 55 

aspiration line 230 before the same or alternate devices 
are reinserted for another thrombectomy attempt, if the 
procedure dictates. 

22 

[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] In any 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 emboli. 
[0118] In another exemplary method, the access 
sheath 220 has an expandable distal tip. In this method, 
the distal tip may be expanded sometime after the 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] In another exemplary method and as discussed 
briefly above, the access sheath 1220 has a side opening 
1219 (best shown 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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po rated ata distal end region 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- 5 

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 10 
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 Ion- 15 
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- 20 
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 25 
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. 30 
[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, 35 
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- 40 

eterthatenables blood to be returned to the patient during 
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. 45 
[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- 50 
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 55 
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-

23 

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 ofthe 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 ofthe 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 
a more 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 1330extending therethrough. The increased 
diameter of the lumen can create a larger aspiration col­
umn than, e.g., an aspiration column of a large bore cath­
eter having a similaroverall 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 offeatures 
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 5 

results. 

STATEMENTS 

[0123] 10 

1. An intravascular access system for facilitation of 
intraluminal medical procedures within the neurov­
asculature through an access sheath, the system 
comprising: 15 

an aspiration or support catheter comprising: 

a flexible, distal luminal portion having an 
inner diameter defining a lumen extending 20 

between a proximal opening at a proximal 
end of the luminal portion and a distal open-
ing at a distal end of the luminal portion; and 
a rigid spine coupled to at least the proximal 
end of the luminal portion and extending 25 

proximally therefrom; and 

a dilator comprising: 

a flexible, distal dilator portion sized to be 30 

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 

35 

dilator portion has a tapered distal tip. 40 

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 45 

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 50 

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 
s~na ~ 

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 

24 

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 ata 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 
a rigid spine coupled to at least 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 5 

and out the at least 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- 10 
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 15 
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. 20 
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- 25 
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 30 
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 35 
the luminal portion and the sheath body form an over-
lap region when the luminal portion extends distally 
beyond the at least one opening of the sheath body. 
24. The system of statement 23, wherein the outer 
diameter of the luminal portion approaches the inner 40 

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. 45 
26. The system of statement 24, wherein the seal 
within the 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 seal is located distal a proximal end of the luminal 50 
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. 55 
29. The system of statement 28, wherein the sealing 
element includes a stepped up diameter or protrud-
ing feature in the overlap region. 

25 

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- 5 

minal portion seals with the sheath body. 
4 7. 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 10 

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 15 

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 20 

sheath body lumen out through the at least 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. 25 

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 a hypo tube having a guide-wire passage- 30 

way extending therethrough. 
54. The system of any of statements 17-53, wherein 
the spine is a ribbon having an outer dimension from 
0.01 0" to 0.025" thick. 
55. The system of statement 54, wherein the ribbon 35 

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 40 

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 45 

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 50 

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, 55 

a proximal end region of the luminal portion or both. 
62. The system of statements 60 or 61, wherein the 
one or more visual markers on the sheath body and 

26 

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. 
7 4. The system of any of statements 66-73, wherein 
the distal tip is tapered. 
75. The system of statement 7 4, 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 that in a locked 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. 5 

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. 

the inner diameter of the luminal portion is sized to 
permit placement of an interventional device through 
the luminal portion. 

Claims 

1. A dilator (340, 1340) for facilitation of intraluminal 
medical procedures within the neurovasculature, the 

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 

10 dilator (340, 1340) comprising: 

the dilator portion extends. 15 
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 20 
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. 25 

a flexible distal dilator portion (1360) having a 
proximal end region and a distal end 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). 

86. The system of any of statements 17-85, wherein 2. The dilator of claim 1, further including a first radio­
paque marker (344) at a distal end of the distal ta­
pered tip (346, 1346). 

the access sheath further comprises a connector that 
connects the proximal end of the sheath body to a 
proximal hemostasis valve. 
87. The system of statement 86, wherein the proxi- 30 
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 35 
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 40 

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 45 
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 50 
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 catheter is withdrawn from the sheath body 55 
lumen it remains within the proximal extension por-
tion. 
95. The system of any of statements 17-94, wherein 

27 

3. 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). 

4. The dilator of claim 2 or 3, wherein the flexible distal 
dilator portion is made of polymer. 

5. The dilator of claim 1 or 4, wherein the spine is made 
of metal. 

6. 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. 

7. 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. 

8. The dilator of claim 7, wherein the tubular portion 
extends along the entire length of the dilator. 

9. The dilator of claim 7, wherein the outer diameter is 
sized to be received within a lumen 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 

10. The dilator of claim 1, 2 or 3 wherein the distal ta­
pered tip (346, 1346) has a length between 1.5 cm 5 

and 3 cm. 

11. 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 1 o 
distal dilator portion. 

12. 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. 15 

13. 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. 

14. 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-

20 

eter of the flexible distal dilator portion is between 25 
0.508 mm and 0.620 mm. 

15. Thedilatorofclaim 1 or2, whereintheouterdiameter 
of the flexible distal dilator portion (1360) is sized to 
be received within a lumen of a catheter (320, 1320) 30 
and form a smooth transition between the flexible 
distal dilator portion and the lumen of the catheter 
(320, 1320). 
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Device for locking catheter sheath and dilator 

Abstract 

The invention provides a device for locking and unlocking a catheter sl1eath and a dilator. With the adoption of the device, the 

catheter sl1eatl1 and the dilator are convenient and fast to lock and unlock, and vascular injury is reduced. The catheter sheath 
comprises a sl1eatl1 base and a sheath tube connected to the sheatl1 base; the dilator comprises a dilator base and a dilator tube 

connected onto the dilator base; the dilator tube penetrates through the sl1eatl1 base and is inserted into tl1e sheath tube; the 
device is used for locking and unlocking the sheatl1 base and tl1e dilator base and comprises a fastening mecl1anism and a 

releasing mechanism which are arranged between the sheath base and the dilator base, wherein the fastening mechanism is 

suitable for fastening the dilator and the sheath base when the dilator tube is pushed into the sheath tube, the releasing 
mechanism is suitable for enabling the dilator to produce moving force of the dilator relative to the sheath tube in a rotating 

process of Hie dilator base relative to the stieatti base, and then the strnaHi base is forced to be released from Hie dilator. 
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:J,"Z iR JI~ ±if tiJ , J1Jr12l! 1t ~Ht Ii Jili Jt ff :Mt • ~ iFUJ;; tti ttJ , }W :12!! 1!tlMili Jct ff :M~ : i~ i!ilJf;; ttif1J , Jt ~ .0'r 

~$ • ~t il:~n; rA j;tJ fn PJT:i<i::% : ~t )1:in; Ui .j'kj ~ ~'] -7'Jtltd~ FH~K~t-t11 it 'tITT, Y} -frtJt:1~ FH~:t[ 

MJ .z.i'8J "lJL{,1J tli Hi ft: JJ 11/iJJ:r; TI.:t<~}th ltt·fi- o 

8. ~o tz f-lJ -~ 3_R 1 f:fr:~ st,~ ~-, Jt*H± ;{Er, _gr :if to tR: ;t:IL ;f:f~ ,m Tr1i Nd£Jf %( ~f~ ~ J:: tf}l r~J ($ 

t8 i'f;J }]\ tll ~)F:,l>'z TJifr:1z!!,µ~Jili t tlJ frLl:rll, Bfri1J:\~/lli>fPPfr~it5K%& JilijJ!lliNr12l!!f\ tri fPWri:tftU:fll 
fqt#o 

9. !~w .fZ tU .~ ;J< 8 ffrlt 81 tl ;'_, :tt 4'fHiE (:E J~, IW ,if M fq Hf~ T)1fr:kt 1Vttti J2: i¥J v~ HJ 1~~ ~1& f • , .f1;1 

J£Jl\ 1n ~s-1t1x,t J01~4i8HM1* r~11 JWZ)iJmITJt~:12!! ~ig JWJ 01u~lzJ:J2,> rr1J ri11 r-kJ s'i'ttt,f~t. J/: flJf:~Jl\tD ~s 
~ PFr :i:.t 1r %(ii[$ 8~ j'ffi '.\Tj ' 'it* [Cl] }ljt ;l:{:-~ Hr :i& lJ;lj j'[] HJ+ ' l)J 3'[__:£:tJ.ifr :i:EtVt it 0 

l O. 10 tx ;¥1J 'If* 8 Jlfrl£ ff]~ .'ii' Jt ¥t 1il •{E ' Jiff jf 1Vt/1 ~ t1 t~; 1ir11!:'~' fi}f ;£ ¥fj :liv;l ·21 J'l [- ilf~ ;f:P 

~ ~l"I , g( ~J:JWI s~ 6'~ J~HJ1D\1 ifJrt1~ ±:~1 1tJ , giJzt ~ 1~WJ rr0 rt~ J/1\J ·fmu J-J it~ ;@±}1 ,tf.:J , foh Jzt r 1µ'~'/1¥ ft-f ,t11 J£ 
F 1~, fifdt L 1W1 fJJ fr )WJ fl~:! ;fl! fiktt 'F 1µ:~ fJJ ~j R~ fl~:! '.ft~ Jlt tt ~' Ni·lf.J: 1W;/ if'§ xJ fifdt 'F 1W111: r~J r~J ~j 

~ 1±\ ' JTi fixWrIB1¥Ll tll 0 

2 
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1~ # ~~ ±111 

cooo1 J *~ 'iJ.. riJJ lJ Ik ~ 1;: tttt m Ef rt :fill- ti@1 tl£, -# ftHb, ~St, .It:~ fll m rg,. rt ft,\. f- ;,ft, i% ~ 
, :F;t:::~t.ffl,, ~ff J~tfl~?l 11 A1~J A m:t 1~;~t;JE ( qB'=:fJIJ ~fJ1 f!?t) i't-1 .ft tr 1t Jm.r.:rJ~t rr11m.w1~t-t o 

tHHt# 
c 0002J rw:1-t ix ·1Y H:*:: ~J~ m ·l:ili , tf; 3:, r £;,; t& rt: 11, A J *:: r11 J-stl':., if ii 11:t ti it q:i , rl' 11l Tl'L 
fjij(Jl:~ r1~ IflL'f';f J;,J,Uf;i'.: (PTCA) ..x- ~t&::i~½tJI~* D).Z{JcJ;t;~fbl~tf·i'.:~ti2:m{1!m IY'10 fr \lf-:tttzi'.: 
i:iJ~0 t[J *~~ l~rr ~f!fXil ),5'0A 1*lfll u *tft 1i, :tt r:t:i:ffcf-fUr-Yzilim tr-J ·~ Se ldinger tt;t\ ( ~: 
,rt lTTJ.;~c;•5as:1~1JH~) 0 tE Seldinger tt*: q:t, ?ff !itH~ rr~IJtttE;;iJfvKEi->dfftR1cf-.3f • ~'->/j\ [1' }Fj.*f 

-~.i'i :~ ,,j"il'. ""IJf\j- p{f r~1 91
1
'; iH } 1:'71: ~1_;/\· fjfr~'\'; Hf< rfrl 1:.1,1• 'i"_:t- .t,ijtl· ~ •l$:fc1;1JJ( !}?~ ·ti': -,,j· e,c:.. ,'i3If i/i/1i1J·· 1f11 f{.;z[ :f!: } -~ 

.J ---~}-!:!I;... __ .. /, )·rt ~L. r :1 ,_,_ ~ ",,, ,, .... ,lL ..-:;,~, ✓___. ll'J•, '9A _r_ ,-:J- ii{ i- .. ., 1•-J 31 l-\ .. HH ,,,: ,...__ __ .; ~~=i -t•,___, _ .. m, .. Rr,, ,, ." 

·tr ·\Wl p;] g:;~' WIT %ftm. ~ Jd ~-~@ti ·'if 8(1 '7 I .ffr JH: A :~tJ J1,J<~1! rgjl Jlik O ff:~ TI'~¥~ f:j(} 'j!~J tHv. ii_~ ~ Jd' 
~*a·•~~~~~mmillw~~~~~*A~tt~~~-

c 0003] ~ 'tf $~ ;f,~! tt %~ if~. Lift ti+. fl] rut m:r ~ttt ',t~ , ~ttt ',t~ ';\:i ~ Jfi , ~~ 1'1' .tj tr 5td!H'f -IE~ iit .. A.. ~fJ 
fl' ---,; ±!•, n' /.± J\•it ,.,,,. ,..,_, '"'' [+"] ,-'-, r- - ',t; F' ;.,,,. ·•hi, rn +'· 71., cm ,,, i- -,~-- r- ' '' ' I ' + '- 71,, "'" 7 + T ,-• +. d" / .L 
11,,J( flc>i..tlf 1:lllCo fr ¥lfl:"r 11.L ITT, g iE / p ' ~ ix .'J' r@P'f!f~ T 1) 'JTS: (,,'f 7J 1'.rti ' / p 3m m 1) 7TS: r,,; 0 /\ 'J j , re: 1tl.:r:1.. ;" 0 

t0 , -\'} '~ :lf.r"j;.fD :tr- }K: g§, ft~ fh1 Mi1JP • tru rt] 1r -~ jJ , JJt: Ht $fl:~, Ej lt •f-J;(: {W '~±5; !Zr. FA 11$; Ifll :~, '½ r.Jci , 

{r 5} t!i5 8~ !~1 ft1J ¥M'l~ ti1 ~ Ji't. :!"l-i~:i'J mi m~Jxm t~r rt~, ~ iklfll "e'l~ ~~iiJZtffittJ" x-t T i7J '¥ Se 1 d 1 nge r 

H/((iJ*~, i~t~-;'.',l~±rfJfi;;t$~:%, i~::~tW)JIJcf ;f~B1fnJJ;t:Krr(iJ1~/i} o 

ttti }t.fl] J!Wqffi 7f ft ft It' tH11-b llll tH~ {J:i 0 

[ ooosJ t~.t® ;zjs: '& it9 8-'0 m f fl/15g ;f□ ~~tili '!r rr ,µ;Hw if°'51E ~ 81 ;~U~i, J1F:1£ '!r u ,µ)~ 'fil lrs ~/§ !lli U, lk 

~g~M~~~ ~~ff,M~~*ffgM~*ff~#~gt:EM3£~*ff~~~~*~ 
ti' f:;'r ii~ tnidr~ tr t)''. :l:tNf iHr'l J;,1Hii AiEI] Jifr ii~ $A tr' Jct r{ 1 ' JW :i& * 't~i1 m + ~# Nrif ,~ [14:fD Ni 3& ~t 
¥K ?iif i.ili +!ii ;E ;f P t¥tJJi, ff ffi fr1i tr: J",ir 3£ 1fr1tj i.ili ½ JW:!2t tr- 51( ii f:ili :!.. ['nj ijc n ff] tn :Jt:: i:J L t1J u, Bz '~~ :Yll ~) L 
.+tJ. fifi-3£ .f n 1t+~,¥J iii◊-J~ if fifi-3£ .ft ~K gg tr,;; +w..A.15u fifi-3£t~~ la; tt1 Ht¥ 4-1, tr1~1' fifi-3£ +t ~* ii 1~}~ L; 

MIB~~~~:mIB~~m~ill*T«MIB~*~~ffl~MIBffl~~M~li~r:t:i.~fflM 
3£±tsKi§.r"" "ttex1 Nr~.>Ji~J.iliffJt.tT)}l 1J' JJl WU:l8 {sEWri:t'!!~!.ili:tPPfr:12E1t'.iK*i!.iliWifll 0 

[ 0006] tl{ tA~ ~fj s<J it~ 1:t '.,t; }jffi {}I) rt1 ' Jif1·:t-t 8J ~ N. sg Ni:(f ,tlt JP HL ;pi;} l~l~ N. J/~f~frh3£tr- :I [( ~l J~ 

~~u ~M7f~ffl~M:i&~~ffM,ft-~OO~fflM:i&¥*~~~ffl~MIB~ffi~M:i&n 

[0007] 

5 K ~ Jili r:t:i fl) ."E j,-~ }j" ±rt ftt fl),~£ tn *4 lm, u, l~ .~ ~ }:T ±f~ ftt (f,J R{ Ht NrIB H£ tn ~{ 1m fl) ;Jt~ ft ffi,), Nr 
3£~*ff~~~~~fflM+M3£~g$filM3£M~~OO~ffl~~~*~MIB~~¼MIB 
j1, 1K mt F:r6 A'B ;1.-t +t t11i , j1f m:r it rH :tt :Iii~ Pl~ lD Nr :i&. lJ • • 3+~ ·~~. JJ~, ru , 
c coosJ :r!HJ/ii * il ~Jj rr-1 :'F!Z1± :,t JSffi w1J q:i , JW ,12E H£ tn t~ rn1 Y-i1,rJz m n~ i'.i'f tI~ r:i1 i~ tu:'f: ;f' o tiz 1~ z frlJ rt-1 'Jt 
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,' rrl ,'.,:I -ctn• 
lrJ ¥1'iHi 0 

[0009] 

[001 OJ 

!d[l,}
1
(j] 8,i=l □' {-1!1:"'>i'~,,'.k~Jj¾i{,;11 rb ;'ifr· ~,~jtjs *t!0 ;¼;t □-~:lf-~-;,t,!L:}-rf,;iil:fi!:cl;'IZ;#:,F);:,.s.:: 

0 irr •. ~ ,'J J1.X. __ L __ ' v_.[l~ l ,, ____ i-_A.i-<1,, .n :'';.I Jr_ __ , __ ,--; __ _,__ 'V''J IX- !ell" H-/,:,,... 17 

ffl~*~~~~~~~~tp.M~~mg~~filMffi-~ffiMM~~m=~ffi* 
tJJ;rig, Nd&.:tr-,}K:~*,1~Jt1r-~; ·iJt:11vi=0riJti:J, Nr~M1~Jl1rm ::a,111l%tirJ.ti:J, ~ 4-1 rtrHi m 
mm~~~m~m=~mm~~*m-~mmm~~m~oo.~-~m~mIB~~$. 
coo11 J t!HW;,i;:'!x f_l,y 0<1!tt1l~ME,w1J tp, wr1tm -~¥?~JfJrt,1;1:.fPPrr:tt:*=~iH!Jf i:i1i 1~;Jz rir1 
Jl frif;fB f 1;1, Jt· JHt~ Jr. JI ti, .ltb, frfdt o 

[0012] Hi}ftil 4~'ffi.. ~1,~ Bf.:!$!d:r'J;trfil1:71) •!1 , HrM~+utttJL tfJ1'.9.Jffi f~ii:¥Jtsk~,R¥.__ttt1 r~u 1$ i±l ITT If( Ju 
Ctll. t): r foh:i£_iµ~Ji46. t'fJ ltLl·Jli' F1:i£_iµ~i246. tli Jfdftt%~ Jt J;{t'tfil;LtJildf)f, J[!)HlF1:tl:ff1j tn 111 t~ 0 

[0013] 

~~~Mitffl~~~*~®fM~~~ru~~~~~~~ttffl~.~~m~mm~~M~ 

:It 1-1.t ~~ g46. rt~ ti rJJ , ~ -'t @15,f * 1"1 J'fr J£ 11~ :J:r1 ta t , ~J ~ FJJL Ar+ }:t 4'ti 5E 0 

[00·14J 1'lQWJ :~Jx. 8..9 fJf.Jtl:H:~lFili1:1J1J 1t1 , fiJr;0~J\~fJif!t:/Wfy\M$'~, f;'fi:filM\'Jf!Ht1iJ-.1p\c/ ;¥11-FW~, ,H;ii:i'i 
L r)r'{ 7f· JtiJ ffrn 1:1 iii tr~! r)tf:J , pfr ;i(t F r)r'{ ~]{j ~ Jtil fl~~ J':l fiff t@fir f:J , pfr 3-JU-. ~f'/ ili 1& T JW:i2E -F tl, Ffr ;i(t 
t. r~i°'J ~j (ir )Ji] f~J-tll Pfrit r- r~i°'J ~j ~½ RiJ {~J 1Jz1J::l:J\1i fr, pfi"it t. ~i°'l t~l X1 Pfi·it T r~i°'J 11: li°iJ li°iJ ~½ fr\, 11'.:. P¼ 

?Jrilifo'LltL1 o 

[ 0015] {lg .WJ T t ll +t HL ,j0~ , 1I t4 )\ 81 lfT ~ fx l,=J: 'g~ ¥8 ½-rnt ,',;H:fi1 Jt' {/ll-t.b T J'-ift !ft fJL,t:0' :li.~ li }}ft 
~0~~~ffffl~if*~~~~.~~*~oommT-#~~a*A~*u~~m~-~ 

[0016] 

J& ITTL:lt: 1~ -~1111 8fj {fil , Jt rt1 : 

coo 1 7J r!fJ 1 -J'J .:zts: it rtEj - ',J; Jiffi !Ju r:r ~2 ~ tt-J -~ § mHo jf sK ~ tt-1 s1s 5HH¥ t~ !?fJ ; 

coo 1 s J r!fJ 2 7~ !?fJ 1 ~ \f 'ff ~M<.J ,1H1
~ 8"J 7}fii¥ WHt~ ; 

coo19 J ~1-1 :i 19 [lfJ 2 •+ 1 ,~,µ~ 1'1f.:l turf [iJ : 

[0020] lll 4 /sill] 1 r:p:[4J·1J'·5£~iir-m:mA11J_l(i~j/~ff]7F,!@~ rn:i, A~I 7F T ~ Bf{;j,:t]J'.ff : 

[0021] 1~1 f-i _'.f-J!¥-! 1 4-1:[·~Hfr/tEJirP~Jf;:Af1J,f1/i¥.ffJ5:T~,,ii-Fll, Jtfl,;;Jc; [9Hlft1g:i'.ff; 
coo22J I~ 6 /'J K'f] 1 rt11f ~k~H¥.-'=J1(,M1-'i NHi:i-&drt;::r~:~: K'fL Jt~7J~ T vq 1-·Wf-0:U!l: : 
[ " r;,,: ~ -,, rv" 1 ,-h+•'<1k. "" 1'· '--•!1;·1,-·- ·;cr-f- Ar''~ c« r·-7 +t· B ~ --7 l-,L-ti.J!-l-'- 'tl· 0023_1 1'tJ ( Jnr! T :r) 'n>.:-i'fi:i'/--1-6-":1 ¥fl/hl6ift11Ll f1 11'J/)\;,;-0: !% ')..;- ,[)/.;;y;; J )' I Afl'i'/J:tj_ci ; 

[0024] 00 8 79[5f] l r-JcLtr'~il'iMrHnHfg-I:g~JUcXrstJ_:_v:f*f!l: 
[0025J ~ 9 ~1-9 l¥! 8 tp @:tf iftlJfiJ:Jf sbd1iJJ.tt!f6' 'i-J-1¼-~-~Jf:l'il] l'r;j 5Jc;;~ ~, IiJ:ij~ T ~ fftH·\llili: : 
[0026J ~] 10 )jtf~ 8 cf:1 'J'~'H~f11tt•J-1.tittr~$~5}1':[S~f:f'i.RJS{j)Jc;;\0:[1J, ;tt;Hbj\ T :Yr·l~i110J:i:'~; 
[0027J Uf] 11 .nOO 9 rt1 ~N;R:f11:tfifK-3,S'TIJt~15}1:i-~1Jfi·F1J:f;;f:OO: 
[002sJ I~ 12 J'J~! 10 tp'J"EflMP1J'·r;1Ec1iJiJlt!f~5:rr~f§ff'17F}.'~Ut·I: 
[ 00 29 J r!fJ 13 )1J lll 8 * ~=]: 't' 'H :-l'rl-ft 5-tE '~f~ 11vl'. !.f{: 5-J'{~~ I8 a<.1 ).Jc; ,i\ [~L 

4 
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[ 0030 J r rnj NJ{', Jui* ./Jill '13i];frl 1111 l~1 x,t ;t('.z\t fJR fF 31:t • Wi.!i qrg ' fr ~Jr tfJ 1/fl ii "P ill~ J ~ $­

~ ~ ~ Ll ~ + k ~~~4~ ~. ill ~*R ~ ~ ~ ~~ Ll $ # ::f ~ f &~ ili ~ ~ ~ h rt*~ 
~.*ffi~tt~AM~~~::fffi~*£~~~~MN~fflffl~~~mmNW~~mr.ffi 
tr- ' ttl 1H>F )1~ pj, iltJt 1* ~J; WdYU s<J [7\1 n p~~ t1] <t,: it f~~ G(-J {* 1? ftX lf:1 0 

coo3·1 J ~~1.t,iii'J: ss .~, ;tK~l~ PJ&.ffe~tJtft!!.SS rr1 [±].i:'.'.B fr" Jsi5~1Ju, Jtn:~~;1'.J;izA~1Jf, U:;Wu sJ 
% fq:f(~i1tl] tt-J' fr fl ::f }117,i~ ~J Lt!:; 1l )\IXJ tc 'Jl 8./g ~ IY~:fili ;i)( Lr;J ·(l¥:-Jf1 f[J, !ti ftJfixJ[;£fjt1J 0 

[0032J ~r1 IIf] 1 frf,;~, ~tr¥~ A 8Hf~p,j;s 5 l:J,B.J1.Jf tEi¥i~J;i 5 J:i'rJil'l'W' 7, JtsiHiM B 8H;t;Jt 

~*'ll~~~~~fffflA~r*3B~~•~+~ffl~s~r*3~1ffl~.~~mffl~s 
1 t'-•l!,:1,,,-L , ,, •• J.,•--,~w-t .l.'··lJlhll1•1 HH''l HL'" • F·Jc1·1H1•e+'-A--··-t.-•1•·1• ,t""'"''&, ·,·,+;..:, 2 "" -~ ii 'hs: ·i:it'i N': 1 .:z_ is t)G~"'J: rrhW ·t*1; ,;;0 V/.;;X.Jl)(, iCl 'I) f!j' rn 13(11; j;r0 J.n i=1 T 1':b'! 'rK 3,'i''f'J :1',i. /\,]~u '¥Hl'r 

~MW~~mfflW5½~¼~~1~~,Mrum~~~+tr~*MWfflMmW~~mttw 
r:p /"'. 't. Jt5~1ritiffllsj·,~~)}t~ B~J l~7>7J jJ' .t!tffil ltl {lU~ .fs!f,tll:!t %:iil:J~f fl!itrJ 0 1n ttt~,,ri~,tllit~t!l;1:Jlf0 
~A ',l JJJ1~ 'h yf~ 4!Y'. :t , Jfi mI :Hi ft ·8' ~ft 001>5'1] zit -4i fl ~i: 1m!: Wu ' Ht +If+ -!@ lfl -~ ' ::4~ '& 8/j ff] :tr1 tff tfl. N~ :frl 
Hfr. tll i:!UI~ ::f ~RT o ~ TI' 1fl~ A .Bi@. .JI§ 11l~li~ 5 pg iit1i fit rt: lfn. liJiJ 4 f P ~ ?:'E 1111ftr 7 flH~ 1~UJJf.J :Jt 
Mi fl(Z )J 6 ' i'S: ~.~ .hj E:!, 1r ff] \J t'l tfr~ • tl ' /F tf :i:E ~ W' t~"' 0 

coo33J Po [ii 2 5¥u [ii 3 i=iFr1i~, ,~@ s 1~Lt~'~*'~, lMtigt\J:.~1/f/ 2 irJ 1~ ~1if/ 3, J::.$rJ 2 r1s s,~Ji1t1t1m1.~ 

tfJf rm tt t1J , J~,nJ. Tr~ ~x, ·r: 1µ\"/ 3 (:1<1 rJg JeJ 1~~ Js it~ t~~, tt ,JJ;i , m Y: 1r~ T 1ml tl, 1. ,t~ 2 ~ ft T F ttt :3, J~ 
$\;'/ 2 BtYU&l 1<ti1'I/ 3 strJJJ&J111,HLt1ttt~8-, .t.~~ 2 1tHX11~·tii;'I 3 {i:iPJiPJ~J LlLHir&:1fiJJrJ 10o 

,$)~~'/'/ riJ J::.*rK 2 :fri F*rK 3 5:H4-\fJXffJ, :l! t~ 1'17 ft~r #iLlm:80Jl'J ftr~IB o {fJt1tl~',,;t1Jtfiifu rti, iftt'Jrrfl 
tt~,~l::.Z~ ·/J$J&ftLl.11to 
[0034] ~ll!fil 4 f~11If] 6 frfr;J~,Jt'.1-k~~Hf~ l Jlj'f£ffr~R''1i'~JlL llA l:JiH2r{ffn11$tUl'r~~-tJF.:rw 9, 

~ ff\ tLl 9 Jf;ri:\~tf>J ~ f:tJflHf::k: J- J:.r~'a/ 2 tY.J.1~ 11\ pg 1±:" trJiJ1t'5K~ B t{f:AfU -~•'iff $f3 A 4' SJ, J1\ 
¼.1°~~~~$~ ~1~~=1111Tl-~2~J~~-1r1,11~b~1~r~r~Fh~·t4 ~~--.K·1·j~~i-~1~~~~ 1, -;:; ,Ju/ft-i/l.J·1,,, __ L. u ! IY'"/-J '·• ,. ---~!H j:..:l'. r'J,H"' .,~~~-~a--•- ·• ·• .J-1-t _t_.,..._/L, 'Ji ul)_,[_:J,. Jt\.-qq,_J_~ 

1 FJJ ·nh)j, JTiJlJ 9 [ri] §i~UJ i¥U:tr1 10 t§ +~, ~). ?t :EVHJlUi: o Jf\J\l 9 FlJ ft~.::-l.: 11~, r1HJ ir✓ ]. _: 1'- :six 
&T~ .mmg~ffl~1o~~~~~mm~-~~m~m~~~~T~.~~m~~ffl 
:1:~ tl•l-t,,' ,{¥-Jt )& (-Ki - i/ +r? .. c.-t P1 ;1;-; Xi1. ·;1r' r~ 5t;r1, :r:11/, i:® ,n, th ·12 1\;;W :r-1, :r:11/, i:® rh f-r) n' 1:11,ti Flit ,1xl~ r.; 
ft"=l/r .• ,, ~l\.!---n., __ ,_~;-,-., /"'/L,/.J,.:....~--- 'Y/ ✓ -,;/t.~.)¼ }l/1f-1Yl-------.~ ! ,' ,-;~~ /l/if-1lo.. __ J 11 Jl:.h,J::.,,-1 ,Y~,_tu 

i~1tt1K¥,,~ );.[ 1 H1it. Jr1t1.1JJLt1Jit: PJ tUm:i1Jt'f1t!.JJ.:i:t?ttJJ1~. 
[0035] .fm ll1 5 .:fU ll1 7 hi;;, 1!"%~~i1lli l J't::rf 1'-m • 1&1HHJ-ttt.JJ 11, lµ~jJ~ 5 J't::rf tfi-=t1tflUf;tr'f 
rt} 12 , : M· ft ,j;i;j mt Jl f,~ .ti!,;~_ J:. EtJ ~n it{, j~ H ~ • tit. 1ll % f,tf jq 11 Ej -~ ··•~- iE[ ~-i,t ff~ :it¥;/ 12 it ~[ 1JJi 

rf:l::UA~, 'ct.~ir~R;t◊ E£79~1L1i8-~Jl, },1~~1&:1~tfitt,t0 11 :fWtn=~"IU~Jf;fr'f.tfJ 12 't~ i1fWir!l::t§ 
x,J-:!ftifJ. j~.1lT:E$tz;tJrtJittm 4', rn T~1ui1(1i~1·f z r1rJ rr1:J:{rm·~l": rt. -1, Jt1f<Hit1l:Uf i'½11i rr1 tJ 0 

¥@1:~ sstt?ftI .. !J~ i:$f ~u ~Jfffl.ftwi11rt-iSn&%f:stt 11 ..tJ rri :it: ,j;i;j 12 ,j;i;j JjxWr .l't!l~~ Jw 1t11. 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTI:IORITY 

'D BENJAMIN 0, CASHDOLLAR 
o: PERKINS CO!E LLP 

PC T 
P.O. BOX 1247 
SEATTLE, WA 98111~1247 NOTIFICATION OF TRANS~1ITT AL OF 

~1E(~E~\ff~·~1 
THE INTERNATIONAL SEARCH REPORT AND 

~'$_$'\1"~N-r l)\JC~~<ftf$NG TIIB \fy'RITfEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

JtJL 2 ~} }:"'7:1 
(PCT Rule 44.1) 

f~~~l~{~NB C()~E LLl~ ~~te, of m,amn~ JUL 20 2023 { ~*1).:-;>:~,;,,~~\:-~~"i{:-*i:.~~~~ 

... ... .............................................................................................................................................................................. 

Applicm:ifs or llgent's file reference 
FOR FURTHER ACTION See pllragraplw l llnd 4 below 

111552-8033WOOO 
................................................................................................................................................................................................ 

international application No. Intemat!o'.mal filing date 

PCT/US 23/60927 
(aaft'month'}-) 19 January 2023 (19.01.2023) 

~ .............................. 

Applicant INAR! MEDICAL, INC. 

l .. [Zl The <£pplfoornt is hereby notified that the inte1·natiom.! search report and the written opinion of the International Seru-ching 
A1,lhorhy have beet\ i:,~tCJ.bH~hed sr:d are trn.n.smhtcd herewith. 

2. □ 

3. □ 

Filing of li1trnmlmsmts imd ~tateme!lt msder Artide l9: 
The 2pplic2nt is entitled, ifhe so wishes, to amend the claims ofthe international !lpplic!lti@ (see Rule 46): 

Whim? The time limit for filing such amendmentli is norma!ly rum months from the date of transmittal of the international 
search report. 

How? Directly to the fntemational Bureau preferably through ef'CT, nr on paper to: 
The International Bure;;.u ofWIPO, 34, chemin des Colombettes, 121 ! Geneva 20, Switzerlornd 

:For more defailed irrntrnetion~, :see the PC1'App!ici:mt's Guide, lntemafamal Phase, paragn;,phs 9.()04-9.01 L 

The applfoam is hereb)' rinHfied thst no 1ntematfa,nal serH'th mpmi: will he e~t!!.blisl:uid and !hat i.he dedaro.titm under 
Article 17{1)(11) rn thst eifoct imd the written lipfa1io11 of !he fotematitmal Seardiing AuUmrity are transmitted herewith. 

With regard to any prote1t against payment of(an) additional foe(s) under Rule 40.2, the applfoant is notified that: 

D the protest together with the decision !hereon has Ileen trnnsmitted to the International Bureau tngether with any request 
to forward the texts of both the protest and the decision thereon to the designated Offices. n no decision has been made yet on the protest; the applicl:ll1t will be notlfa:d as soon a~ a decision is made. 

4, Rerni11der~ 
The applfoant may ~11hmit eomrn~mt~ on an informal bub ~n tin, writhm opinfon oftiHi Internati!mal Se1m:hingA11thority to 
the International Bureau. These comment!s '11',1U be made avaiJsb!e to the public sfter intematfonal publfoation. The fntemational 
Bureau wm send ll copy of such comment;. to o:l! designited Offices unless m, intemo1timml preliminary examination report hllB 
been or is to be established" 
Shortly after the expiratiim of rn nwnths from the priority dide, tht inttrmdiomal isppl1S'.!!tim1 will be publi~hed by the 
fotematlonal Bureau. If the applicant wishe:; to avoid or postpone publication, a notice ofwithdrnwal of the intermitional applicatinn, 
or of the priority claim, must reach the International Bureau before the mmpletion ofthe technical preparations for international 
publication (Rules 90bis.1 and 90bis.3). 

Within 1.9 months from the priority date, hut nnly in re~pect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicm,t wishes to postpone the entry into the mitiom,l phase llntil 30 llHmth~ from the priorHy 
dat<l (in ~mne omces ew:m late,); otherwise, the applicant must, within 20 month8 !rum the prinr1ty date, perform the prescribed 
,icts for eiitry info the mi ti.ma! phMe before those designated Officesc In respect of other design,ited Offices, the time limit of 
30 month~ {or later) wHl llpply even if no demand is filed within l 9 month:i. For details about the applicable time limits, Office 
by Office, S<l<l -.vww.wipn.int/pct/en/text:s/time_Jimits.html and the PCT Applicant:i Guide, NastionaJ Chapters. 
Within 22 months from the prfority clat<l, the applie11mt m3y reqi8elit thl3t a suppl<lmentary foternatimrnl search h<l e!!rri<ld Oi8t 
by a different lntem,itfon,il Searching Authority thllt offers this service (Rule 45bis. l), The procedure for requesting supplement~cy 
international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-ls.032. 

Name ar.d mallir.g !lddress of the ISA/US 
M<1:I St<;p PCT, Attl'l: ISAIUS 
Gommi~;;ir.m!irfor Pal!int~ 
P.O. Boll 1450, A:fi~ol~tfri<l, Virgbi<122<11J-1450 

F;;.csimile No. 571-:1:7:Ht~oo 

Form PCT/ISA/220 (revised January 2020) 

1 Authorized officer 

Kar! Rodriquez 

Telephone No. PCT Helpdesk: 571-272A300 



-572-

PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

{PCT Article 1 & and Rules 43 and 44) 

App!l!:anfs or agent's file r.:forence i FOR FURTHER ACTION 

11 i 55Ul033WOD!J I see Fmrn PCff1SA/2W llii wen as, where ispplicahle, item 5 below. 

International !!ppliciltfon No. ! lntematimm! filing date' (daylmimthlyear) } (Elsr!i!-l:it} Pri1dty Dat!"l (day/month/year) 

PCT/US 23!50927 ! 19 Ji311uary W23 {19.01.2023) ! 08 Febn.iary 2022 (08.02.2022) 
I ~ 

Applkant 
INARI MEDICAL, INC, 

This 1nrematiorml search report has been prepared by thfa Intematfomtl Searching Authori!y and is transmitted to the appHcant m;eordlng 
to Article J !L A copy is !:ming trn.nsmitted to the foterm,tfomsl Bureau. 

This intemati,mal search report consists of a torn! of .....A_ :sheets. 

D H is also accompanied by a eopy of each prinr art document dted in thfa report. 

1. Ba§i§ ilfthe reimrt 

a. W1l.h f!$ganl to ,he fang!llage, th!$ international ~tarch wirn earri!"ld oul. on the bMfa oE 

[ZJ the international applicatinn in the limguage in which it was filed. 

D a translation oftht international appl\o::&tion into ----·------.---------- whfoh fa the lilnguage of 
a translation fornishtd forthe purposes ofintemational ~eisrch (Rults 123(,s} aml 2'.U(b)). 

Thi~ Literm,timml search r~.por, hR!i bseen estahll:sh"'<l taking foto ac&,@nt the reseHl'\seafam of irn ob11km~ ssiismke imthorizetl 
by or Mtifatl to this Authority ,mder Rule 91 (Rul1: 43.Mfa(a)). 

c. D With regard m any rossdeoticle si1dfor smin<1 seicl JSeqsseros:se disclosed in tht inti;mational applis:ation, 11et Box No. l 

2. D Csert:isro daimi were found m1111:im:ba!Jle (see Box No. II). 

3. [Zl Ui1ity of issveiitimi i~ lat:kh:ig (see Box No. HJ} 

4. Whh regard ;o the tit!se, 

[8J the text 1s approved aa submitted by the applicant. 

D the text has 1:mtn estsbli~hed by th1& Aulhority to resd as follows: 

[Zl 
□ 

the text fa approved as submitted by the applicant. 

tb~ t~xt h~s ber:n est;.~bH§hed., ~c.c.ori:Uns tn R.-:..~te .:Ht2~ b~...- ti1is i,uihorhy :i~ it appefffs in li.i)X No __ rv. The ~ppHc~nt ITH~)\ 

\~{thin one nsntn.h frx)ttl th~ dat~ !)f ~ts~iHng t)fthhi Snte·n1atk~ne.1 ~==~rch ~tipcrt~ snbn1it con)~1stn1ts to thi~ i\.utht)dty~ 

6, With regard to the drawing§, 

a, tht figure of the drnwing;s to be puhlishetl with the abstract JE Figure No"_,2A ....................... . 

[ZJ iis suggested by th!$ ;,pp!icimt. 

D as sele(;ted by this Authority, because the applicant failed to suggest a figure. 

D M ~e!!$Cted tiy this Authmity, bteau&e ,hi.s figure better charncteriz!$1i !he illvention. 

b, D none of the figures is to be published with the abstract. 

Form PCT!ISAJ2!0 (firEt sheet) {July 2022) 
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INTERNATIONAL SEARCH REPORT International application No, 

PCT/US 2J/6D927 

This intermnional ~eardi rnpmt has rmt be!:n e:itablfalwd in re~pect of certain daim:; tmd!!t Artie!!! l 7(1)(a) for the following reasons: 

l. □ 

2, □ 

Claims Nos,: 
beeam,e they relate to ;mbject matter not required to be searched by this Authority, namely: 

Claim~ Nos.: 
because they relate to part3 of the hitematfonal application thilt do not comply with the pre:,eribed requirements to such 1111 

;;:xtent that no meaningfol internistionisl re:srdi can be cmied out, spedlkally: 

Cl~ii1~~ JiQtt: 
bemmiie they a.re dependent claims and are not drafted ln a.ccordanee with the second .1rid third aentencea of Rule 6A(a). 

Th!s International Searching Authority found multiple inventians in this international application, M follows: 
This appHc<1tlo11 contalm, the foilowing !!wentlmw or groups of lflventiofls whleh am not so !Inked as to fom1 a single general lnvm1tive 
concept under PCT R;.ile 13, 1. In order for all i11ventlona to be searetied, the appropriate additional search fees must be paid. 

L 

2. 

-~--

□ 

□ 

□ 

f\3 !lJl required !l.ddhimml 3e!lreh fees were timely paid by ,he applfoan!, t.¾i" intemril.fam,a! se&rnh report covern all istilfchable 
claims, 

As all searchable claima could be searched without effort justifying additional fees, this Authority did not invite payment of 
additfona! foea, 

4
• [ZJ ~&~f~:1~t!'.~t~~~~iil:~~;,:~:?:!!'~~,~~~~~;::~t r.:ti! ~t;~~!lt~&!f!i~~~~i~~tnHy, thb lntemafoi,a! ~~a,di repm·t is ,l~stdcted 

i-13 

□ 

□ 
□ 

The additimia! s;;:arnh foes were accompanied by !he applfo:,uit'~ protest imd, \<l,'SJern applfoahk, th!! 
payment of a protest fee. 

The addition&! search foes we;re accompanied by fue &pplfoant'11 protest but the; aspplfoable protest 
foe was not pisid wiilii11 fue fone limit 11pecified in the invitasfam. 

No protest accompanied the payment of additional search fees, 

form PCT/ISA/2 Hl (confanmfon offi.rn, 1,heet (2)} (JSJly 2022) 



-574-

INTERNATHINAL SEARCH REPORT fotematicnal llpplkatloo No, 

PCT/US 23/60927 

A. CLASSIFICAITON O:F SUBJECT MATTER 
IPC - !NV, A61M 25/18, A61M 39/10 (2023.01) 

ADD. 

CPC - iNV. A61M 25/0097, A61M 39/1011 

ADD. 

B. FIELDS SEARCHED 

Minimum dccumentaticn sean:hed (cla.~sification system followed by cla.>ssification symbc!s) 
See Sesrch History dm:umer:t 

Documentr.li.on se;i,ched otli,sr than mfoimum dcmm:,,entatim1 to the exti:nt that such documents are inclm:!ed in the fields ;.eamhed 
See Semct1 Hh,tory docume11t 

Ei':~CtJ.,r~nic d.ats. bs.s~ cnrrnuhed dudug the inttn.,,s.tiorml 5e~n~h (n~n1e of data bas':~ s.:.1'-t ~~"ht1'\":! pnictic{:1h]e~ se&r(;h t.t~111s used) 
s~~e Sef~rch M:story d:..1t) .. ffne::t 

l-'-c_~_s.•_,e_g_o_ry_•*_!,__C_it_a_,1_o_n_o_r_· d_o_~_\u_m_e __ n_i_, _w_·i_fo_in~.!~~.:'.~~: .. ~~=~~.s.ppm_'P_r_is._t_e_, _c_f_1h_e_rn __ l_ev_·a_n_t_p_as_·_~a_g_,e_':s_---li, ~-:,~

5

!e.v

7

~::to .c.l~ii~.No, 

X .J CN i 06178227 A (Shanghai Microport Medit:al Group Cc., Ltd.}; 7 December 2016 , ·"' •·, , 

X 

y 

'f 

A 

A 

A 

(07.12 .. 2016}; ,mtim documem, aspecislly 

US 5,391,152 A (PATTERSON): 21 Fetm.iaiy 1995 {21.02.1995): entire document, especially 
Abs!ra:::t, Figs, Hi; col. 4, In 42-46: i::oL 5, In 24~55. 

US 2tl2il04044tl4 A'l (S.P.M. Flow Ccntrd, inc.): 30 Dee8mber 2021 (31:U2.2021); entire 
dLlrumer:!, espadaily Abstract, p;;,re, [0008), {0071]. [0074]. 

US 5,971,958 A (ZHANG); 26 October 1999 (26. W. 1999); r:int!m documer:t. 

US 3,860,006 A (PATEL); i4 Januaiy 1975 (14.01.1975); entire dLlcwment 

US 201310150793 Ai (BEISSEL et al.); 13 June 2013 (13.06.2013); entire document 

I 1, 3-4, 6, 12 
\ 
~ v.,,•••H•••••'-'-••'-'-••••••• 

l rn 

: :',, 
I '1~13 

lH:~ 

□ Further documents am fo,ted in the cmitlmis.ticn ofEox C. □ S,se piitent family mmex . 
..................................... ·----"'='---------------------------11 

Spedal cs.tegodi::s of dted docmmml~: 
"A" anc,nm:n( <.Min in~ ,hr. (s(mcrnl statr. ofthe r.rt which is imt-:omi,1trnd 

to b~ Gf p,&~tic:..~!:..t\ ttlev:1nc~ 
"D'' an~:,nm:nt dtt1d by ihe ;,.µplk,rml h1 !ht1 i11t::rn~t1nnal apph~tim1 

fi!t~~td:rt:~ .... ~'.-; .... ~) ~\l ;--•~1-t.~,:i~ b\j~ p ........ L;~_shi: .... 1 ... )~') 1,.°}) >!{a::.~ '{fn. : .. ~ .... ~')1&~~or~a.: 

~11~-:~~~~i~1~j~~t\ic~?;;~t~!,~~~ I/~~;t~:t1~\~~{/;:r';i{;; 
do~.tm-.ient ;::~it~rdngtr~ ~Nor;:~ d~s-.~io&t~t~.\ us~, ax.hfo~hr:n or fithf::~· n-.ie~•~J 
::kx":t:n-.it":nt pi;bl is}md pdor in the ~ntt~rns.t~t}na] ii~ing date but i~ti:-:r th3n. 
th::~ .Priority date daitr:~d 

i2April 2023 (i2.042Q23) 

Date ofm,iHing ofthe intematiom1! search report 

:tf1/'~i 
~ .. , .... ~ .... , .. , 

----------------------------+--------------------..................................... . 
Name and mailing address afthe ISAJUS Authorfa:ed officer 
Mall Slop PCT, Attn: ISNUS, Commissioner fos Patents 
P,O. Bo::- 1450, Alexand.la, Virginia 22313-145(; 

Kar! Rodriquez 

Telephcne No, PCT Helpdesk: 571-272-4300 
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lNTERNATlONAL SEARCH REPORT fo.tematlona! applfoatim, No. 

PCT/US 23/60927 

The invaniions listad as Groups HI do not relate to a single general inventlve com:ept under PCT Rule 13.1 because, under PCT Rule 
132, ihey lack ihe same or corresponding special tschnlcal fsatures ior the following masons: 

SPECIAL TECHNICAL FEATURES 

The invention of Group I lnciudes the spedal technlcal features of [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 im:l!.!ding a locklng feature]. wherein the 
lacking feature includes a siot extending at least partially through [the second cap], in [the locked position], [the lacking fea!ure is 
configured to receive the locking member] through the slat [such ihat the tab engages a portion of ihe second cap] to inhibit movement 
ofthe [firnt cap] mlstive to [the second cap], not required in Group Ila 

The Invention of Group II includes the special technical features of a vascular access system, comprlslng: a 11al11e ha11lng a proximal end 
and a distal end; a catheter defining a lumen and coupled to the distal eml ofthe llf!lve, the catheter defining a longitudinal axls ofthe 
vascular access system; a d11ator configured to extend at least partially through the valve and the lumen; wherein [the cap assembly] 
Ir.eludes (I) [a] valve [cap] conr.eciad to the proximal end of the valve and [including a coupling feature], and (ii) [a] dilator [cap] ooupled 
to ihe dilator and [Including a] coupling tab lnsertable inio the coupling feature], wherein [In the locked conliguration, the coupling feature 
Is configured to receive the coupling tab such that the coup!lng tab engages a portion of the] val11e [cap] to inhtblt movement of the 
dllator relative to the valve along the longitudinal axis, not required In Group L 

COMMON TECHNICAL FEATURES 

The inventions of Groups HI share the technical features of a cap assembly, the rop assembly im:1!.!dlng first cap includlng a lacking 
member, wherein the iocklng member Includes B tab, and a second cap including a locking foatlire, wherein the cap assembly ls 
movable between a locked ccn1iglm:1tion snd sn unlocked coniiguratlon, wherein In the locked configuration, the locking feature is 
configured to receive the locldng member such that the tab engages a portion of the second cap to Inhibit mo11ement, and the tlrst cap is 
configured to rotate ra!atlve to the second cap to move the tab out of engagement with the second cap to mo11e the first cap from the 
locked pos,t,on to an unlocked position. The common technical features are known in pnar art as .shown in US 5,391,152 A la Patterson 
(hemlnafter 'Patterson'). Therefore, Groups HI lack unity since the shared technlcal features do not represent a contnbution over: 

Patterson teaches a cap assembly {hubs of catheter assembly complementary and rotatably engageable, Abstract, Figs. 7-9), the cap 
assembly im::!uding: 
a first cap (hub 25, Fig, 7, col, 5, !n 24-29) Including a locking member (locking member daflned by first tab 29, Fig. 7, col. 5, In 29-34), 

wherein the locking member Includes a tab (pin 100 mdal!y d:sposed on distal end offlrst tab 29, Fig. 7, col. 5, In 29-31 ), and 
a second cap (hub 35, Fig. 7-9, cot 5, In 24-29) including a locking feature (locking element of hub 35 Including first projection 150 and 

first slot 105, Fig. 7-9, col. 5, In. 31-34), 
wheraln the cap assambiy is movable between a locked configuration and an unlocked configuration (dilator hl!b 25 and introducer hub 

35 are re!easably interlocked, col, 5, In 24-29), 
whereln in the locked configuration, the locking feature is configured to receive the locking member (mechanically interlocked by 

inserting tab 29 with pin 100 into enlarged open end of slot 105, co!. 5, In 45-49) such that the tab engages a portion of the second cap 
to inhlbi! mavemen! (once tab 29 with pin 100 u.s engaged with .siai 105, axial disengagement is pracl!.!ded by proJecilon 150, col. 5, in 
50-55}, and 
wherein 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 tirst cap from the !ocked position to an unlocked position (dilator hl!b 25 and in!mducar hub 35 are releasably Interlocked to provide 
resistance to rotational disengagement, col. 5, In 24-29; resistance posed by interferlng portions of slot 105 inhibl!s accidental rotatlanal 
disengagement [In the apposite circumfomntiai dlrection], col. 5, In 53'-55, cal. 4, In 42-46; unlocked pas!t!an, Fig. 7; impllcltly, hubs 25 
and 35 can be intentionally rotated in the opposite circumferential dlrection to 011ercome the resistance posed and to release the 
interlock). 

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that 
would otherwise unify the groups. 

Therefore, Groups 1-ll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature. 
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