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ENDOVASCULAR INTERVENTIONS IN NEUROVASCULAR ANATOMY

REFERENCE TO PRIORITY DOCUMENTS

[0001] This application claims the benefit of priority to U.S. Provisional Patent Application

Serial No. 62/365,873, filed July 22, 2016, entitled "Endovascular Interventions in

Neurovascular Anatomy". The disclosure of the provisional patent application is

incorporated by reference in its entirety and prior to the filing date is claimed.

FIELD

[0002] The present technology relates generally to medical devices and methods, and more

particularly, to delivery systems and methods for delivering implant devices to a target

anatomy.

BACKGROUND

[0003] Vascular disease caused by stenosis or narrowing of a vessel is commonly treated

by endovascular implantation of scaffolding devices such as stents, often in combination with

balloon angioplasty, to increase the inner diameter or cross-sectional area of the vessel

lumen. Other serious vascular defects include aneurysm in which a bulge or bubble protrudes

out in a radial direction from the vessel that, if left untreated, may continue expanding until it

bursts thereby causing hemorrhaging from the vessel. Endovascular implantation of

scaffolding devices in the vessels of the brain can also be used to treat aneurysms to occlude,

partially occlude, and/or assist in the implantation of a coil into the aneurysm.

[0004] Treating stenoses and aneurysms in vessel of the brain by endovascular

implantation of stents and stent-like devices is particularly challenging due, in part, to the

tortuosity of the vasculature and the small size of the vessels. Further, the risk of stroke and

thromboembolic complications is high due to the release of thrombotic material during

delivery of the stent and, in the case of flow diverters for treatment of aneurysm, can block

blood flow to branch vessels. Stent length also poses a risk for further thromboembolic

complications.

[0005] Endovascular access of the neurovasculature requires navigation of vessels, often

tortuous and diseased, which can complicate delivery of implants such as intracerebral stents

and their delivery systems. Resistance points during advancement of the various implantable

devices through the vessel can lead to a chain reaction of events involving the buckling and

storage of tension within the catheter length. Further, many cases involve a trial and error



iterative process of different constructs of supporting catheters and stiff wires to build a

"tower" into the intracerebral vasculature - each iteration involving further guidance and

support. This can be traumatic to the vessel through which the devices are passed and

ultimately, the entire system can lose column strength and such that the devices fail to

traverse to the desired location.

[0006] To access the cerebral anatomy, guide catheters and guide sheaths are used to

direct interventional devices, such as stents, coils, and flow diverters, to the intracranial

treatment site (e.g. stenosis or aneurysm), from the access site. It can be challenging to

establish guide or sheath position in a fashion that is stable and provides support for the

device delivery. To maneuver the catheters into position, coaxial, triaxial, or quadraxial

systems are often used in which a guidewire/microcatheter system is first deployed and

coaxial larger catheters are subsequently delivered. The clinical challenge, especially in the

octogenarian population, is the elongation of the aortic arch against the fixed thoracic

descending aorta, leading to a shifting of all great vessels, especially the brachiocephalic

takeoff. Such shifting makes it more challenging to access the anatomy during treatment of,

e.g., stroke, aneurysm, and other distally located vascular diseases. As catheters, wires,

balloons, stents, or retrievable structures are advanced through the great vessels, they have a

tendency to prolapse into the ascending aorta when pushed into a highly angulated and/or

tortuous anatomy.

SUMMARY

[0007] In an aspect, disclosed is a method of endovascular intervention in neurovascular

anatomy of a patient. The method includes deploying an anchor of a tethering device in an

anchoring vessel of a neurovascular anatomy, the anchor is coupled to a tether extending

proximally from the anchor. The method includes advancing a guide-sheath over the tether

of the tethering device anchored in the anchoring vessel and attached to the tether, the guide-

sheath having at least one lumen and a distal opening from the lumen. The method includes

advancing a treatment device through the lumen of the guide-sheath and out the distal

opening from the at least one lumen and through an entrance of a target intracranial vessel;

and deploying the treatment device at a treatment site within the target intracranial vessel

without a combined therapy of two or more anti-platelet therapeutic agents during a peri-

procedural period.

[0008] The target intracranial vessel defines a lumen and can have a lumen wall with an

aneurysm. The aneurysm can have a neck communicating with the lumen of the target



intracranial vessel. Deploying the treatment device can include deploying the treatment

device at the neck of the aneurysm. Deploying the treatment device can include expanding

the treatment device from a low-profile configuration to a high-profile configuration. When

in the high-profile configuration the treatment device can have a longitudinal length that

substantially matches a longitudinal length of the neck. The treatment device can be a self-

expanding stent advanced by a self-expanding delivery system or a balloon-expandable stent

advanced by a balloon-expanding delivery system. The treatment device can be a flow

diverter or a stent configured to assist in the deployment of a coil in the aneurysm. The flow

diverter can have vessel coverage of between 30%-35% and a braid count of at least 48. The

method can further include preventing blood flow through the neck of the aneurysm with the

treatment device. The longitudinal length of the treatment device when in the high-profile

configuration can be between about 1 cm and about 4 cm, or between 4 cm and about 6 cm,

or between about 4 cm and about 10 cm, or between about 4 cm and about 20 cm. A

collective length the treatment device that extends beyond the neck of the aneurysm being

treated can be no more than about 1-2 mm. The treatment device can be limited to a length

sufficient to bridge the neck of the aneurysm without extending substantially beyond on

either side of the neck. The aneurysm can be located near a perforating vessel. The treatment

device may avoid extending to the perforating vessel when bridging the neck of the

aneurysm. The aneurysm can be a ruptured aneurism associated with subarachnoid

hemorrhage (SAH) having a contraindication for dual anti-platelet therapy (DAPT). The

method can further include treating the patient with a single-anti-platelet therapeutic agent

during the peri-procedural period. Treating the patient can include treating the patient with

aspirin-only in the peri-procedural period.

[0009] Deploying the treatment device can include deploying a first stent device having a

first amount of vessel coverage and a first biased pattern such that at least a portion of the

first stent device bridges the neck of the aneurysm upon expanding the device from a low-

profile configuration to a high-profile configuration. The method can further include

deploying a second stent device having a second amount of vessel coverage and a second

biased pattern, wherein the second amount of vessel coverage is substantially the same as the

first amount of vessel coverage. The second stent device can be deployed inside the

expanded first stent device relative to the first stent device such that the second biased pattern

runs counter to the first biased pattern creating a third amount of vessel coverage at an

overlap region between the first and second stent devices that is greater than either the first or

the second vessel coverage. The overlap region can have a length that is substantially the



same as a length of the neck of the aneurysm. The first and the second amount of vessel

coverage can be between about 10%- 15%. The third amount of vessel coverage at the

overlap region can be between about 20%-30%. The length of the overlap region can be

between about 2 mm and about 4 mm, or between 4 mm and about 6 mm, or between about 4

mm and about 10 mm, or between about 4 mm and about 20 mm. The length the overlap

region can extend beyond the neck of the aneurysm being treated no more than about 2 mm,

no more than about 4 mm, no more than about 6 mm, no more than about 8 mm, or no more

than about 10 mm. The length of the overlap region can be limited to a length sufficient to

bridge the neck of the aneurysm without extending substantially beyond on either side of the

neck. The method can further include treating the patient with a single anti-platelet

therapeutic agent during the peri-procedural period. The method can include treating the

patient with aspirin-only in the peri-procedural period.

[00010] Deploying the treatment device can include deploying the treatment device to

treat a narrowing within the target intracranial vessel. Deploying the treatment device can

include expanding the treatment device from a low-profile configuration to a high-profile

configuration. When in the high-profile configuration the treatment device can have a

longitudinal length that substantially matches a longitudinal length of the narrowing. The

treatment device can be a self-expanding stent advanced by a self-expanding delivery system

or a balloon-expandable stent advanced by a balloon-expanding delivery system. The

longitudinal length of the treatment device when in the high-profile configuration can be

between about 2 mm and about 4 mm, or between 4 mm and about 6 mm, or between about 4

mm and about 10 mm, or between about 4 mm and about 20 mm. A collective length the

treatment device extends beyond the narrowing being treated can be no more than about 2

mm, no more than about 4 mm, no more than about 6 mm, no more than about 8 mm, or no

more than about 10 mm. The treatment device can be limited to a length sufficient to bridge

the narrowing without extending substantially beyond on either side of the narrowing. The

method can further include treating the patient with a single anti-platelet therapeutic during

the peri-procedural period. Treating the patient can include treating the patient with aspirin-

only in the peri-procedural period.

[00011] The treatment device can be a stent and the guide-sheath anchor can allow for

precise placement of the stent to minimize stent length. The treatment device can be a balloon

expandable stent and the guide-sheath anchor can allow for precise placement of the stent to

minimize stent length. The treatment device can be a covered or coated stent. The treatment

device can be a pair of overlapping stents configured to facilitate stent-assisted coiling and



flow diversion through the target intracranial vessel. The step of deploying the anchor can

include forming a first fixation point. The method can further include attaching the guide-

sheath to the tether of the tethering device forming a second fixation point proximal to the

first fixation point. The treatment site can be distal to the first fixation point. The treatment

device can be a balloon-expandable stent, a self-expanding stent, or a flow diverter. The

treatment site can be an aneurysm. The first fixation point can be formed in the anchoring

vessel near a bifurcation between the anchoring vessel and a vessel leading to the treatment

site. Advancing the treatment device through the at least one lumen of the guide-sheath can

tension the tether between the first fixation point and the second fixation point.

[00012] Deploying the anchor can include deploying the anchor from a low profile

configuration to a higher profile configuration. Advancing the guide-sheath over the tether

can include advancing the guide-sheath over the tether such that the tether extends at least in

part through the at least one lumen of the guide-sheath. The lumen through which the tether

extends is the same or different as the lumen through which the treatment device is advanced.

The guide-sheath can include at least a second lumen, and the tether can extend through at

least a portion of the second lumen. Attaching the guide-sheath to the tether can include using

a tether gripper at the second point of fixation to attach the guide-sheath to the tether of the

tethering device. The tether gripper can be on one or both of the tethering device and the

guide-sheath.

[00013] The method can further include preventing prolapse of the guide-sheath during

deployment of the treatment device. The method can further include resisting tension stored

in the guide-sheath during deployment of the treatment device. The treatment device can be a

self-expanding stent and deploying the treatment device at the treatment site comprises

unsheathing the self-expanding stent by withdrawing proximally a constraint. The method

can include preventing the self-expanding stent from missing the treatment site during

unsheathing. The method can further include removing the anchor from the anchoring vessel;

and removing the guide-sheath. The method can further include advancing a guidewire near

the anchoring vessel; and exchanging the guidewire for a tethering device. The treatment

device can be a self-expanding stent and deploying the treatment device at the treatment site

can include unsheathing the self-expanding stent by withdrawing proximally a constraint.

The method can further include preventing the self-expanding stent from missing the

treatment site during unsheathing.

[00014] In an interrelated aspect, disclosed is an aneurysm treatment system including

a first stent having a first biased pattern and a first vessel coverage; and a second stent having



the second biased pattern and a second vessel coverage. The second stent is configured to be

positioned in a counter-current manner within a lumen of the first stent forming an overlap

having a third vessel coverage.

[00015] The first and second stent can be configured to be implanted in combination

with a coil positioned within an aneurysm. The first biased pattern can be a first helical

pattern and the second biased pattern can be a second helical pattern. The first helical pattern

can be configured to be oriented along a first current. The second stent can be positioned

within the lumen of the first stent upon expansion of the first stent. The second helical pattern

can run counter to the bias of the first helical pattern. The overlap between the first stent and

the second stent can provide the third vessel coverage. The third vessel coverage can be

greater than the first vessel coverage or the second vessel coverage. A length of the overlap

can be adjustable. The adjustable length of the overlap can allow for tailoring density of the

third vessel coverage and a location of the third vessel coverage relative to anatomy within

which the first and second stents are implanted.

[00016] In some variations, one or more of the following can optionally be included in

any feasible combination in the above methods, apparatus, devices, and systems. More

details of the devices, systems, and methods are set forth in the accompanying drawings and

the description below. Other features and advantages are apparent from the following

description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[00017] These and other aspects will now be described in detail with reference to the

following drawings. Generally speaking the figures are not to scale in absolute terms or

comparatively, but are intended to be illustrative. Also, relative placement of features and

elements may be modified for the purpose of illustrative clarity.

[00018] FIGs. 1A-1C illustrate prolapse of a catheter within the aorta near the takeoff of

the great vessels;

[00019] FIGs. 1D-1F illustrate advancement of implant delivery systems through a typical

sheath system;

[00020] FIG. 2A illustrates a perspective view of a tethering device, in accordance with an

implementation;



[00021] FIGS. 2B-2D illustrate detail views, taken from Detail A of FIG. 2A, of an

anchor coupled to a tether of a tethering device;

[00022] FIG. 3 illustrates a detail view of an anchor of a tethering device;

[00023] FIG. 4 illustrates a perspective view of a tethering device, in accordance with

an interrelated implementation;

[00024] FIG. 5A illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device;

[00025] FIG. 5B illustrates a sectional view, taken about line A-A of FIG. 5A, of a

distal portion of a tethering device;

[00026] FIG. 5C illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device;

[00027] FIG. 5D illustrates a sectional view, taken about line A-A of FIG. 5C, of a

distal portion of a tethering device;

[00028] FIG. 5E illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device;

[00029] FIG. 5F illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device;

[00030] FIG. 5G illustrates the tethering device of FIG. 5F after further expansion of

the anchor;

[00031] FIG. 5H illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device, in accordance with an interrelated implementation;

[00032] FIG. 51 illustrates a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device, in accordance with an interrelated implementation;

[00033] FIGs. 5J-5L illustrate detail views, taken from Detail A of FIG. 4, of a distal

portion of a tethering device, in accordance with an interrelated implementation;

[00034] FIGs. 5M-50 illustrate schematic views of an anchoring vessel and an anchor;

[00035] FIGs. 5P-5R illustrate schematic views of a method of manufacturing an

anchor of a tethering device, in accordance with an implementation;

[00036] FIGs. 5S-5U illustrate schematic views of further implementations of a distal

portion of a tethering device, in accordance with an interrelated implementation;

[00037] FIGs. 6A-6B illustrate schematic views of a tethering device deployment, in

accordance with an implementation;

[00038] FIGs. 7A-7B illustrate schematic views of a tethering device deployment, in

accordance with an implementation;



[00039] FIG. 8A illustrates a schematic view of a tethering device in an unexpanded

state, in accordance with an implementation;

[00040] FIG. 8B illustrates a schematic view of the tethering device of FIG. 8A in an

expanded state;

[00041] FIG. 8C illustrates a schematic view of the tethering device in an expanded

state of FIG. 8B and a locked state;

[00042] FIGs. 9A-9C illustrate schematic views of a tethering device deployment, in

accordance with an implementation;

[00043] FIGs. 1OA- IOC illustrate schematic views of a tethering device deployment, in

accordance with an implementation;

[00044] FIGs. 10D-10E illustrate schematic views of a further implementation of a

tethering device deployment, in accordance with an implementation;

[00045] FIG. 11 illustrates a perspective view of a tetherable guide-sheath, in

accordance with an implementation;

[00046] FIGS. 12A-12B illustrate detail views, taken from Detail B of FIG. 11, of a

distal end of a tetherable guide-sheath, in accordance with an implementation;

[00047] FIGs. 12C-12D illustrate detail views, taken from Detail B of FIG. 11, of a

distal end of a tetherable guide-sheath, in accordance with an implementation;

[00048] FIG. 12E illustrates a detail view of another implementation of a distal end of

a tetherable guide-sheath;

[00049] FIG. 13 illustrates a sectional view of a distal end of a tetherable guide-sheath,

in accordance with an implementation;

[00050] FIG. 14 illustrates a sectional view, taken about line A-A of FIG. 12B, of a

distal end of a tetherable guide-sheath;

[00051] FIG. 15A illustrates a perspective view of a tetherable guide-sheath, in

accordance with an implementation;

[00052] FIG. 15B illustrates a detailed sectional view, taken from Detail B of FIG.

15A, of a distal portion of a tetherable guide-sheath, in accordance with an implementation;

[00053] FIG. 15C illustrates a detailed sectional view, taken from Detail B of FIG.

15A, of a distal portion of a tetherable guide-sheath, in accordance with an implementation;

[00054] FIGs. 16A-16B illustrate sectional views of a tetherable guide-sheath, in

accordance with an implementation;

[00055] FIG. 17A illustrates a support guide during retrieval of an anchoring structure;



[00056] FIG. 17B illustrates the retrieved anchoring structure in a tip of the support

guide of FIG. 17A;

[00057] FIG. 18 illustrates a distal end of an anchoring delivery system having a

tethering device in a tether lumen of a tetherable guide-sheath and a working device in a

working lumen of the tetherable guide-sheath, in accordance with an implementation;

[00058] FIG. 19 illustrates a distal end of an anchoring delivery system having a

tethering device in a tether lumen of a tetherable guide-sheath and a working device in a

working lumen of the tetherable guide-sheath, in accordance with an implementation;

[00059] FIG. 20 illustrates a distal end of an anchoring delivery system having a

tethering device and a working device in a same lumen of a tetherable guide-sheath, in

accordance with an implementation;

[00060] FIG. 1 illustrates a perspective view of a tetherable guide-sheath, in

accordance with an implementation;

[00061] FIG. 22 illustrates a sectional view, taken about line B-B of FIG. 21, of a

tetherable guide-sheath, in accordance with an implementation;

[00062] FIG. 23 illustrates a sectional view, taken about line C-C of FIG. 21, of a

tetherable guide-sheath, in accordance with an implementation;

[00063] FIG. 24 illustrates a sectional view of a proximal end of the tether lumen of a

tetherable guide-sheath, in accordance with an implementation;

[00064] FIG. 25 illustrates a tether gripper of a tetherable guide-sheath, in accordance

with an implementation;

[00065] FIG. 26 illustrates a tether gripper of a tetherable guide-sheath, in accordance

with an implementation;

[00066] FIG. 27 illustrates a tether gripper of a tethering device, in accordance with an

implementation;

[00067] FIG. 28 illustrates a method of using an anchoring delivery system to deliver a

working device, in accordance with an implementation;

[00068] FIGS. 29A-29F illustrate operations of a method of using an anchoring delivery

system to deliver a working device, in accordance with an implementation;

[00069] FIG. 30 illustrates a method of using an anchoring delivery system to deliver a

working device, in accordance with an implementation;

[00070] FIGS. 31A-3 ID illustrate operations of a method of using an anchoring

delivery system to deliver a working device, in accordance with an implementation;



[00071] FIG. 32 illustrates a method of using several anchoring delivery systems to

gain access to a target vessel, in accordance with an implementation;

[00072] FIGS. 33A-33B illustrate operations of a method of using several anchoring

delivery systems to gain access to a target vessel, in accordance with an implementation;

[00073] FIG. 34 illustrates a method of using several anchoring delivery systems to

gain access to a target vessel, in accordance with an implementation;

[00074] FIGS. 35A-35C illustrate operations of a method of using several anchoring

delivery systems to gain access to a target vessel, in accordance with an implementation;

[00075] FIG. 36 illustrates a flowchart of a method of deploying an anchoring delivery

system, in accordance with an implementation;

[00076] FIG. 37A-37B illustrate schematic views of an anchoring delivery system

deployed in a target anatomy, in accordance with an implementation;

[00077] FIG. 38 illustrates a schematic view of an anchoring delivery system deployed

in a target anatomy, in accordance with an implementation;

[00078] FIG. 39 illustrates a flowchart of a method of deploying an anchoring delivery

system, in accordance with an implementation;

[00079] FIG. 40A-40D illustrate schematic views of an anchoring delivery system

deployed in a target anatomy, in accordance with an implementation;

[00080] FIGs. 41A-41D illustrate schematic views of an anchoring delivery system

deployed in a target anatomy for advancing an implant delivery system, in accordance with

an implementation;

[00081] FIGs. 42A-42D illustrate schematic views of an anchoring delivery system

deployed in a target anatomy for advancing an implant delivery system, in accordance with

an implementation;

[00082] FIGs. 43A-43E illustrate schematic views of buckling and tension storage within a

typical procedural guide-sheath;

[00083] FIGs. 44A-44D illustrate schematic views of relieving tension stored during

advancement of an implant delivery system through an anchoring delivery system, in

accordance with an implementation;

[00084] FIG. 45A illustrates a schematic view of an aneurysm having a coil implanted;

[00085] FIG. 45B illustrates a schematic view of a wide-necked aneurysm having a coil

and a stent implanted;

[00086] FIG. 45C illustrates a schematic view of a wide-necked aneurysm having a flow

diverter sealing off a neck to the aneurysm;



[00087] FIG. 45D illustrates a schematic view of a wide-necked aneurysm having a flow

diverter sealing off a neck to the aneurysm that substantially matches a length of the neck;

[00088] FIG. 46 illustrates a schematic view of a wide-necked aneurysm located near

branch points and having a flow diverter sealing off a neck to the aneurysm and allowing

flow into branch perforators; and

[00089] FIGs. 47A-47B illustrate first and second stents having biased helical patterns

such that upon implantation in opposite directions provide denser vessel coverage.

[00090] It should be appreciated that the drawings are for example only and are not meant

to be to scale. It is to be understood that devices described herein may include features not

necessarily depicted in each figure.

DETAILED DESCRIPTION

[00091] Described herein are methods and associated devices and systems that include

delivering an implant and/or an implant delivery system to a target vessel of a neurovascular

anatomy. The methods can include delivering the implant through a working lumen of a

guide-sheath. More particularly, the guide-sheath can be fixed to a tether of a tethering

device, and the tether can be attached to an anchor expanded within an anchoring vessel.

Thus, the anchored tethering device and tetherable guide-sheath system, i.e., the anchoring

delivery system, may support the implant delivery system during delivery to the target vessel.

The methods described herein leverage the support provided by the anchoring delivery

system, either from a transfemoral or transcervical route, to deliver implants within the

cerebral vasculature with a very precise and accurate delivery with "one-to-one" tactile

feedback and control. Precision and accuracy in delivery allows for the use of shorter devices

that are better matched to the target site, e.g. a stent that is as long as the stenosis or a flow

diverter that covers only the neck of an aneurysm. The methods described herein also allow

for use of a balloon expandable implant, which are generally considered to provide better

apposition than self-expanding systems.

[00092] Shorter, well-apposed stents lowers the risk of thromboembolic complications and

stent thrombosis, which reduces the need for aggressive and routine peri-procedural Dual

anti-platelet therapy (DAPT). DAPT is an approach developed in large coronary stent trials

to reduce stent thrombosis initiated by platelet adhesion and aggregation. The fixed dose

regimen of two drugs, typically clopidogrel and aspirin, delivered in tandem is considered to

provide a simple, easy regimen to treat and prevent stent thrombosis. It is common practice

to prescribe DAPT following vascular stent deployment in the coronary anatomy to prevent



the adherence of platelets and thrombotic material to the foreign body (i.e. the struts of the

stent), whereas, DAPT is often contraindicated in neurovascular interventions. For example,

patients suffering from subarachnoid hemorrhage (SAH) or bleeding in the subarachnoid

space between the plial and arachnoid membranes due to a ruptured brain aneurysm,

aggressive antiplatelet use after intravascular device implantation to secure the site is

precluded by the need to stop bleeding of the aneurysm. Further, hydrocephalus, vasospasm

and re-bleeding are common complications of SAH that require close monitoring and

management. Upon positive diagnosis of hydrocephalus, an external ventricular drain (EVD)

is often inserted to treat intracranial hypertension and intraventricular hemorrhage. Insertion

of EVD involves a small neurosurgical incision in the head to create an opening for a catheter

inserted through the brain tissue into the ventricles of the brain such that an intracranial

pressure monitor can be installed. Thus, there is an additional risk of bleeding due to the

surgical incision that precludes aggressive antiplatelet therapy. Thus, in the bleeding patient,

the use of DAPT is of great concern due to the presence of active intracranial bleeding and

risk of continued bleeding and severe vasospasm. Many patients are poorly responsive to

antiplatelet therapy and lack the cytochrome P450 enzyme to convert clopidogrel to the

active metabolite. Based upon platelet aggregometry, these patients are typically

hyporesponsive to the standard 75 mg dose of clopidogrel and for proper therapeutic effect

require at least five times the dosage to over 225 mg/day.

[00093] The methods described herein allow for neurointerventions to be performed, such

as the treatment of SAH or stenting of a stenotic vessel, to allow elimination of DAPT or

treatment with only aspirin to prevent thrombotic complications, especially during periods of

high risk when neurosurgical procedures may occur. The methods described herein include a

tailored anti-platelet therapy to minimize exposure to certain antiplatelet agents based on

patient genotype or platelet aggregometry.

[00094] The Challenge of Intracerebral Implant Placement

[00095] Referring now to the figures, when advancing a catheter, such as a catheter of an

implant delivery system, in tortuous anatomy or against resistance at a tip of the catheter,

such as shown in FIGS. 1A-1B, resistance to movement may be felt by an operator. For

example, as tip point A encounters a vessel wall, e.g., within a tortuous anatomy, a counter

force is directed through the catheter 900 at point B . Particular to the involvement of access

to the great vessels, e.g., the brachiocephalic, common carotid, or subclavian takeoffs from an

aorta at the aortic arch AA, there is a dramatic transition from the "free space" of the aorta

arch AA to the great vessels, and to the target vessel (e.g. a 2-3mm intracerebral artery).



Referring to FIG. 1C, the catheter 900 body in the aorta arch AA is "free" and buckles into

the arch AA, which offers no resistance and can be a potential space for "storage" of catheter

length and tension. The buckling at the level of the aorta/great vessel takeoff into the free

space of the aorta can lead to withdrawal of the catheter 900 tip at tip point A, as well as a

guidewire 910 that the catheter 900 is being delivered over. The anchoring delivery systems

described herein provide guide support by "fastening" and supporting the body of the catheter

900 at a point to overcome the resistance at tip point A to advance the catheter 900 toward a

target site 925 in the target vessel 1906.

[00096] FIGS. 1D-1F show traditional sheath and support systems that can provide

"support from below." FIG. ID shows a sheath 905 used in neuro-intervention that either

inserts through a short sheath at the groin or are themselves advanced to the level of the CCA

or ICA. A guide catheter 900 is often advanced through the sheath 905 to gain a higher level

of support to the petrous or bony ICA. Referring to FIG. IE, a procedural guidewire 910 and

a stent delivery system 915 for delivery of an implant may then be advanced through the

sheath 905 or through a coaxial system including the sheath 905 and the guide catheter 900.

[00097] It should be appreciated that phrases like "working device," "stent delivery

system," or "implant delivery system" may be used interchangeably herein and are not

intended to be limiting. For example, when referring to "stent delivery system", the implant

payload may be a "stent" in the traditional sense, but may also be a flow diverter having a

scaffold configured to divert blood flow around an aneurysm sac, or an embolic coil

configured to fill the aneurysm sac, or a combination thereof. Further, the implant may be a

self-expanding implant or stent that is contained within a delivery system sheath, or an

implant on a balloon that is actively expanded. Thus, as used herein "implant delivery

system" or "stent delivery system" incorporates both self-expanding (SE) systems and

balloon-expandable (BE) systems and is not intended to be limiting. An SE stent system is

illustrated in the figure, and thus, the catheter 900 can represent the outer sheath of the SE

stent system surrounding the stent in the undeployed/unexpanded state. In the example, there

is an aneurysm shown as the target site 925 in the target vessel 1906 for implant placement.

It should be appreciated that the target site 925 for implant placement can vary and need not

include an aneurysm. For example, the target site 925 can be an occluded, partially occluded,

or otherwise narrowed or stenotic region of a vessel.

[00098] Referring to FIG. IF, the stent delivery system 915 can meet an obstruction or, as

in the case shown, an extreme tortuosity 930 such as the carotid siphon or other tortuous

locations common in the intracerebral anatomy. These resistance points are often met with



stent advancement and can lead to a chain reaction of events in typical cases. This can also

occur with inflation balloon systems, simple microcatheter advancement or even guidewire

advancement depending on how "tenuous" the purchase of the sheath and guide systems is.

As mentioned above, many cases involve a trial and error iterative process of different

constructs of supporting catheters and stiff wires to build the "tower" to the intracerebral

vasculature that can be traumatic to the vasculature and to the patient and prolong procedure

times.

[00099] Still with respect to FIG. IF, the standard sheath system placed in the ICA is

shown with advancement of a stent delivery system 915 targeting the distal target site 925.

Advancement of the stent delivery system 915 with forward push at the rotating hemostatic

valve (RHV) 434 at point A of FIG. IF can lead to advancement of the stent delivery system

915 through the sheath 905, out of the sheath tip 906 and into the tortuous distal carotid and

cerebral anatomy. The tip of the stent delivery system 915 can be guided by the course of a

previously positioned procedural guidewire 910 and may encounter an area of tortuosity 930

where it meets resistance in taking that curve (near point B of FIG. IF). Further advancement

of the stent delivery system 915 can lead to downward force that can buckle the stent delivery

system 915 and the sheath 905 (point C in FIG. IF).

[000100] The sum effect of forward pressure in such systems can be stent advancement to a

point of ultimate resistance and stoppage. At this point, continued advancement can create a

downward and lateral force on the catheter systems below (point B in FIG. IF). The chain

reaction that can follow uncovers a series of buckling and prolapse points along the system

course, for example, from the femoral anatomy to the stent tip as shown in dotted lines. A

common buckle point is at the transition from the aorta AA to the target great vessel (point C

in this case, the ascending aorta and the brachiocephalic artery). Because of the bending and

the downward force, this buckle point often pulls the entire guidewire/stent delivery

system/sheath system downwards with continued forward stent delivery system 915

advancement. The casual observer can see a resulting appearance of the stent delivery

system 915 moving "backwards" on fluoroscopic imaging with advancement, all the

advancement of force leading to catheter prolapse into the aorta AA and erosion of the

support to advance wires or stent systems northward. The course of the coaxial stent delivery

system 915 and sheath 905 may lead to further buckling and prolapse throughout the aorta

AA, which can force the course of the coaxial system to "take the greatest curve" up to the

stent tip. Prolapse and loss of length can cause more and more withdrawal of the stent

delivery system 915 tip, frustrating the operator and leading to prolonged procedure times



and complications from the back and forth movement required to advance systems in this

"slippery slope" situation. The entire system may lose column strength as the downward and

lateral pressures create awkward turns and "corkscrew" paths through which guidewire and

stent fail to traverse. This can lead to complete displacement of the system and loss of

purchase in the great vessel.

[000101] The Anchoring Delivery System

[000102] The anchoring delivery systems described herein can rapidly, consistently and

easily create a transfemoral guide-catheter position with "100% support" by creating a

tension between an insertion site, such as a femoral insertion site, and an anchoring vessel,

such as the right or left subclavian (RSA or LSA) or external carotid artery (ECA).

Additionally, and as will be described in more detail below, a secondary anchoring may use

the junction of a tether of a tethering device and a tetherable guide-sheath as a capture point

for the carina of a bifurcation between ECA and CCA (for LSA/RSA, between the

bifurcation of the innominate or brachiocephalic artery and subclavian). It should be

appreciated that although much of the description refers to the implantation of a sheath using

a transfemoral route of insertion, other routes are considered herein. For example, a

transcervical route in which a sheath enters the vascular space at the level of the common

carotid artery (CCA) or internal carotid artery (ICA) is also considered herein. Where the

method involves using an anchoring delivery system that includes a tethering device and a

tetherable guide-sheath inserted transfemorally, methods are also considered herein where a

sewn-in sheath entering the vascular space from a transcervical route that could be fastened

or sutured in place to mitigate any backing-out or pulling-in of the sheath tip relative to the

push-and-pull of typical catheter interventions as described in more detail herein.

[000103] The following discussion of the anchoring delivery system incorporates the right

ECA as the anchoring vessel, as this is will commonly be used in more challenging anatomy.

The anchoring vessel, however, may be any vessel or anatomy that an anchor of the tethering

device may be secured within. Typically, an operator will go straight for the ipsilateral ECA

or ICA above the bifurcation of the CCA as this is the target of stiff wire placement for

delivery of standard sheaths. An anchoring artery will preferentially not be in the path to the

cerebral target, thus, anchoring target arteries will be the external carotid artery (ECA) or

subclavian artery (SA) to access the internal carotid artery (ICA) or common carotid artery

(CCA), respectively. The choice of ipsilateral SA or ECA as the anchoring target can depend

on anatomy and clinical indication. For instance - it may be more challenging for certain

anatomies to easily reach the ECA; as well, if carotid stenting is being contemplated -



anchoring in the SA will give the operator guide support to access most any ICA through the

generally non-tortuous thoracic CCA.

[000104] Described herein are anchoring delivery systems for providing fixation and

support for the advancement of one or more working devices. The anchoring delivery

systems described herein can include one or more tethering devices and a guide-sheath

tethered by the one or more tethering devices and configured to receive and support the

advancement of an implant delivery system therethrough. Each of the components of the

anchoring delivery system and methods of using the anchoring delivery system for implant

delivery will be described in more detail below.

[000105] It should be appreciated that the configuration of the tethering devices

described herein can vary. The tethering device can be used with various guide-sheaths as

described herein, including the tetherable guide-sheath described in more detail below as well

as any of a variety of comparable commercially available guide-sheaths to form an anchoring

delivery system 10. For example, the tethering devices described herein can be used with

guiding sheaths having an ID between 0.087"-0.089" such as the Cook SHUTTLE 6F (Cook

Medical, Inc., Bloomington, IN), Terumo DESTINATION 6F (Terumo Europe NV), Cordis

VISTA BRITE TIP (Cordis Corp., Hialeah, FL), and Penumbra NEURON MAX 088

(Penumbra, Inc., Alameda, CA), or comparable commercially available guiding sheath.

Further, it should be appreciated that the working devices for advancing through the guiding

sheath can vary and need not be limited to the implementations shown in the figures. The

guiding sheath, whether the tetherable guide-sheath 400 or another commercially-available

guiding sheath, can be used to deliver any of a variety of working devices configured to

provide treatments such as large-bore catheters, aspiration thrombectomy, advanced

catheters, wires, balloons, retrievable structures such as coil-tipped retrievable stents

"Stentriever," stents, flow diverters, and a variety of other implantable devices.

[000106] TetheringDevices

[000107] The anchoring delivery system 10 can include a tethering device 100. FIG.

A shows a perspective view of a tethering device 100 in accordance with an

implementation. The tethering device 100 can include a distal anchor 102 coupled to a

proximal tether 104, for example, by a distal and/or a proximal joint 108. The tether 104 can

be an elongate element extending proximally from the distal anchor 102 such as a

filamentous element having an outer diameter that is small and flexible enough to curve

through the tortuous vessels of the cerebral vasculature without kinking. Keeping the tether

104 to a small diameter allows the diameter of a tethered guide-sheath sized to receive the



tether 104 to be as small as possible minimizing the access arteriotomy size. In at least some

implementations, the tether 104 has a relatively low "pushability" such that it is generally not

useful for advancing the anchor 102 through the vasculature without the assistance of a

delivery tool. However, upon application of a proximal pulling force on the tether 104, for

example when the tethering device 100 is anchored in a vessel by the anchor 102, the tether

104 is strong enough to maintain the tethering device 100 in a tensioned or taut state, as will

be described in more detail below. The anchor 102 can have any of a variety of

configurations as will be described in more detail below. Generally, the anchor 102 has a

first, low-profile (unexpanded or constrained) configuration such that the anchor 102 may be

delivered to the anchoring anatomy. The anchor 102 also has a second, higher-profile

(expanded or unconstrained) configuration after delivery to and deployment within the target

location such that the anchor 102 anchors (itself and the tethering device 100) within the

target anatomy. It should be appreciated that use of the terms "expanded" and "unexpanded"

as used herein with regard to the anchor 102 of the tethering device 100 refer generally to an

overall shape or profile of the anchor 102 that is, in the case of an "expanded" anchor, greater

than the overall shape or profile of the anchor 102 during delivery to the target anatomy or, in

the case of an "unexpanded" anchor, less than the overall shape or profile of the anchor 102

during anchoring in the target anatomy, respectively. "Expanded" and "unexpanded" as used

herein are not intended to require any particular type of change in profile of the anchor 102.

[000108] The anchor 102 can be deployable from the unexpanded state to the expanded

state to fix a distal end of the tether 104 at an anchoring site in an anchoring vessel of a target

anatomy, as described below. Thus, the anchor 102 may have enough radial strength in the

expanded configuration to grip the anchoring anatomy and resist a proximal pull on the tether

104. The anchor 102 is generally configured to anchor within the anchoring vessel, as

opposed to dilating a stenosis or scaffold the vessel such as with stents. However, it should

be appreciated that the anchors 102 described herein can anchor in a manner that also dilates,

scaffolds, embeds, and/or distorts the anchoring vessel within which the anchor 102 is

anchored. The anchors 102 described herein can also facilitate anchoring of the tethering

device 100 by other features that do not necessarily involve a change in shape, such as by

externalizing a portion of the wire and/or incorporating superficial magnetic features in order

to clamp outside the body, as will be described in more detail below.

[000109] Still with respect to FIG. 2A, the tether 104 of the tethering device 100 can be

an elongated member extending from a proximal end 106 of the tethering device 100 to a

distal joint 108 and having an outer surface extending along a longitudinal axis. The tether



104 can be stiffer and/or less prone to bending than the wires typically attached to retrievable

structures, such as a Merci retriever or a Stentriever device, such that upon anchoring of the

distal anchor 102 into a vessel the tether 104 can serve a supportive function to support a

tetherable guide-sheath 400 against buckling or prolapse, which will be described in more

detail below. The tether 104 can also be formed by a combination of elements providing the

proper supportive function. The tether 104 can have various dimensions and/or material

configurations. The dimensions and/or material configurations of the tether 104 can be

selected to achieve a desired tensile strength, flexibility, and trackability. In some

implementations, a diameter of the tether 104 ranges from 0.005 inches to 0.025 inches, e.g.,

0.008 inches, or 0.009 inches, or 0.010 inches, or 0.035 inches, depending on the degree of

support that the tether 104 provides. The tether 104 can be a solid wire rod, a ribbon, or a

hypotube of stainless steel or NiTi. In some implementations, the tether 104 can be a

stainless steel rod, ribbon or hypotube. In other implementations, the tether 104 can be

Drawn Filled Tubing (DFT) with a radiopaque core, such as an outer sheath of a composite to

provide strength and a core material to provide superelasticity, conductivity, radiopacity,

resiliency, etc. In some implementations, the tether 104 can be DFT of Nickel titanium with

a radiopaque core such as platinum or tantalum.

[000110] The tether 104 can have several different cross-sectional areas at locations

along its longitudinal axis between the proximal end 106 of the tether 104 to where it couples

with the anchor 102. For example, a proximal section near the proximal end 106 of the tether

104 can have a first cross-sectional diameter. The first cross-sectional diameter may be sized,

for example, to favor support over trackability. Similarly, the tether 104 can include a distal

section distal to the proximal section that has a different cross-sectional diameter compared to

the first cross-sectional diameter. For example, the distal section can include a second cross-

sectional diameter that is smaller than the first cross-sectional diameter of the proximal

section. As such, the distal section of the tether 104 can be configured to favor trackability

over support.

[000111] The anchor 102 of the tethering device 100 can be sized to engage a range of

vessel diameters, i.e., covering the lumen diameters to provide solid apposition against target

anchor 102 sites such as the proximal CCA, proximal and mid-subclavian, and the external

carotid artery (ECA). For example, the anchor 102 of the tethering device 100 can engage

arteries of about 1 mm inside diameter to arteries with 40 mm inside diameters. For some

procedures, it may be more common to anchor in arteries ranging from 2 mm inside diameter

to 10 mm inside diameter. In other implementations, the anchor 102 of the tethering device



100 may be sized to be able to engage smaller arteries such as side branches. In comparison

to conventional retrievable structures used in SMAT procedures, which are typically rather

flimsy and unable to anchor against an artery wall, the anchors described herein are

specifically designed to anchor within a target anatomy. For example, the anchors described

herein can be sized to anchor within internal carotid artery (ICA), middle cerebral arteries at

the M l segment, Vertebral, Basilar vessels, or vessels generally larger than 3 mm. The

anchors described herein can also be sized to anchor within vessels in the insular segment

arteries at the M2 segment, P I or vessels which are generally within the 2 mm - 3 mm range.

The anchors described herein can also be sized to anchor within vessels that are at the M3

segments or within vessels that are generally less than 2 mm.

[000112] The anchor 102 of the tethering device 100 can have any of a variety of

configurations as described herein. For example, the anchor 102 can include an expandable

structure configured to self-expand upon release of a constraint and/or expand when a force is

applied. In some implementations (e.g., FIGS. 2B and 2D), the anchor 102 of the tethering

device 100 can include a self-expanding material, such as nitinol, to expand to an understood

diameter in the air and exert a controllable and consistent radial outward pressure when

expanded and constrained within a vessel. In an implementation, the anchor 102 can include

a closed-cell stent like structure, e.g., made of self-expanding material like nitinol that may be

set to a desired shape, for example, by a heat set process. In other implementations, the

anchor 102 of the tethering device 100 can include a non-self-expanding material (e.g., FIG.

2C) such that the anchor 102 expands when a force is applied.

[000113] The anchor 102 can be collapsed to a first configuration for delivery into the

target vessel, expanded to a second configuration upon deployment in the target vessel and

subsequently collapsed to or towards the first configuration for removal from the vessel. The

anchor 102 of the tethering device 100 can collapse or be constrained to a small dimension

such that it can be delivered through the lumen of a delivery catheter, e.g., a microcatheter or

finder catheter as described below. In some implementations, the anchor 102 of the tethering

device 100 can be actively collapsed using one or more additional features or components.

The anchor 102 can additionally or optionally be malleable such that it can be pulled into the

small dimension. The anchor 102 of the tethering device 100 can be deployed by unsleeving

the anchor 102, e.g., advancing the anchor 102 from the lumen of the delivery catheter,

retracting the delivery catheter to expose the anchor 102 from the lumen, or a combination or

the two.



[000114] FIG. 2B is a detail view taken from Detail A of FIG. 2A of an anchor 102

coupled to a tether 104 of a tethering device 100. As described above, the tether 104 can

terminate at a distal joint 108 between the proximal end 106 and the anchor 102. The anchor

102 can be physically connected or attached to the tether 104 by one or more joints. The

joint 108 may be a permanent attachment between the tether 104 and the anchor 102, such as

a welding joint or other attachment joint. Alternatively, the anchor 102 can be detachably

connected to the tether 104 at the joint 108. For example, the tether 104 can terminate at the

distal joint 108, and the distal joint 108 may be severable at the discretion of an operator to

decouple the anchor 102 from the tether 104. The decoupling between the anchor 102 and

the tether 104 can be a permanent or reversible decoupling. For example, the distal joint 108

between the tether 104 and the anchor 102 may be an adhesive joint having a predetermined

breaking stress, such that when sufficient pulling force is applied to the tether 104, the distal

joint 108 breaks to detach the tether 104 from the anchor 102. In another implementation, the

distal joint 108 can be a threaded j oint. For example, the tether 104 can include an external

thread at the distal joint 108 that engages with an internal thread of a tube section located at a

proximal end or a distal joint 108 of the anchor 102. Thus, the operator can rotate the tether

104 around the longitudinal axis of the tethering device 100 when the anchor 102 is anchored

in the anchoring anatomy to unscrew the tether 104 from the anchor 102. It should be

appreciated that other mechanisms of detachment between the tether 104 and the anchor 102

are considered herein. Detachment of the anchor 102 from the tether 104 can be useful where

re-sheathing of the anchor 102 by a delivery catheter or a tetherable guide-sheath, which will

be described in more detail below, is not possible or may cause rupture or damage to a vessel.

Thus, the anchor 102 can be left behind in the vessel and the tether 104 may be safely

removed from a patient.

[000115] As shown in FIG. 2B, the anchor 102 can include several convoluted struts

202 extending from the distal joint 108 to respective distal strut ends 204. The convoluted

struts 202 can follow any path from the distal joint 108 to the distal strut ends 204. In an

implementation, the convoluted struts 202 can extend in a generally longitudinal direction

when the anchor 102 is in the unexpanded or constrained state, and the convoluted struts 202

can expand to extend in a generally spiral direction when the anchor 102 is in the expanded

state. Thus, a transverse dimension of the convoluted struts 202 can be less in the

unexpanded state than in the expanded state, and a longitudinal length of the convoluted

struts 202 can be greater in the unexpanded, constrained state than in the expanded state. As

shown in FIG. 2B, when the convoluted struts 202 expand together they can form a weaved



structure that can engage an inner surface of the anchoring vessel. The respective proximal

ends of the convoluted struts 202 can be attached to the distal joint 108 and the distal strut

ends 204 can be freely suspended. More particularly, the distal strut ends 204 may not be

attached to each other such that the struts 202 are individually cantilevered from the distal

joint 108. However, the distal strut ends 204 can be coupled to each other, e.g., by being

commonly connected to a second joint of the anchor 102, for example as shown in FIG. 5A,

which will be described in more detail below. The struts 202 can also incorporate one or

more barbs or cleats to improve their anchoring strength within the vessel and prevent

slippage of the anchor 102 in a proximal direction, for example, upon a pulling force being

applied during use.

[000116] FIG. 2C is a detail view taken from Detail A of FIG. 2A of an additional

implementation of an anchor 102 coupled to a tether 104 of a tethering device 100. The

anchor 102 can include a balloon 206 having an outer surface containing an internal volume.

The tether 104 can include a tubular structure, such as a hypotube, extending from the

proximal end 106 to a distal joint 108. An inner lumen of the tether 104 can be in fluid

communication with the internal volume of the balloon 206 through an inflation port 208

formed in a sidewall of the tether 104 hypotube. To facilitate tracking of the anchor 102, the

distal joint 108 of the tether 104 can be connected to a soft, distal tip 210. The distal tip 210

can be a spiral wire coil or other configuration tip that is flexible and atraumatic to the

anchoring anatomy.

[000117] FIG. 2D is a detail view taken from Detail A of FIG. 2A of an additional

implementation of an anchor 102 coupled to a tether 104 of a tethering device 100. The

anchor 102 can include a self-expandable structure capable of self-expanding from a first,

collapsed state to a second, expanded state. The tether 104 can connect to the anchor 102 at a

distal joint 108 and an outer diameter of the anchor 102 can enlarge from the distal joint 108

towards the distal-most terminus of the anchor 102. Thus, when the self-expandable structure

is expanded, an outer dimension of the structure from the distal joint 108 towards a distal-

most terminus of the anchor can gradually widen to a maximum dimension. The self-

expandable structure of the anchor 102 can include a sequence of anchor rings 2 11 disposed

longitudinally relative to each other. The anchor rings 2 11 can be connected by one or more

ring connectors 212, such that the anchor rings 2 11 transmit longitudinal force between each

other. The self-expandable structure can have an open cell or a closed cell configuration, as

is known in the art, depending on the number of ring connectors 212 used between adjacent

anchor rings 2 11 .



[000118] As mentioned above, the anchor 102 may have enough radial strength in the

expanded configuration to grip the anchoring anatomy and resist a proximal pull on the tether

104. FIG. 3 is a detail view of an implementation of an anchor 102 of a tethering device 100

that includes one or more ribs or struts 302 making up the expandable anchor 102. The

configuration of the struts 302, for example, their orientation and/or how they provide a shape

to the anchor 102 as a whole, as well as by incorporating features such as barbs, hooks,

cleats, surface textures, etc. can be designed such that they aid to resist longitudinal

movement of the anchor 102 once engaged with the anchoring anatomy. For example, the

struts 302 can be configured to resist being pulled proximally when the strut 302 is engaged

with tissue. In some implementations, the strut 302 can be specifically designed to resist

proximal movement within the anchoring anatomy, but may still be pushed in a distal

direction through the anchoring anatomy. Thus, the anchor 102 can provide directionally

biased resistance to movement within the anchoring anatomy. As shown in FIG. 3, the struts

302 can include respective strut surfaces 304, which may face generally outward relative to a

longitudinal axis 306 passing through the tether 104. The struts 302 can be oriented, e.g., by

design or shape setting, such that a strut plane 308 passing through the strut 302 parallel to

the strut surface 304 is directed at an angle a to the longitudinal axis 306. This may be

referred to as "fish scaling". More particularly, the struts 302 or the cells of the anchor 102

can bend outward during deployment such that a longitudinal plane passing through the struts

302 becomes angled relative to the longitudinal direction. For example, the angle can be

proximally directed such that the strut 302 will tend to dig into a tissue at the anchoring

anatomy when the anchor 102 is pulled proximally. Thus, the "fish-scaled" struts 302 can

resist a proximal pull applied to the tether 104. By contrast, the angle of the strut plane 308

can allow the struts 302 to be pushed distally without the struts 302 digging into the tissue.

Thus, the anchor 102 can be configured to grip the anchoring anatomy in one direction (e.g.

proximally) but not in another direction (e.g. distally). "Fish-scaling" in stent design is often

deemed to be undesirable for certain indications. However, "fish-scaling" of the anchor 102

in this context can be beneficial.

[000119] In addition to shaping the anchor 102 as a whole in a manner that facilitates

gripping of the anchoring anatomy by the struts 302 can be individually modified to facilitate

such gripping. For example, the strut surface 304 can be ribbed or roughened, e.g., by bead

blasting or chemical etching, to increase friction between the tissue at the anchoring anatomy

and the anchor 102. In an implementation, rather than roughening the strut surface 304 by a

secondary manufacturing process, the strut surface 304 can be manufactured by a process that



does not include a polishing process that is otherwise applied to the remainder of the anchor

102. For example, the anchor 102 may be electropolished during manufacturing, but strut

surface 304 may be masked during the electropolishing process to avoid smoothing the strut

surface 304. In another implementation, surface treatments such as applying an adhesive to

the outer surface of the struts 302 (or any other structural feature of the anchor 102) can be

used to permanently or temporarily bond the anchor 102 with the tissue at the anchoring

anatomy. The adhesive can be activated upon contact with the tissue such that it does not

cause the anchor 102 to stick to an inner surface of the tetherable guide-sheath or another

catheter, e.g., a finder catheter that the tethering device 100 is delivered through.

[000120] As mentioned above, the anchor 102 of the tethering device 100 can also be

designed to enhance anchoring by providing traction due to incorporation of one or more

features that protrude from the anchor 102 to anchor to the surrounding anatomy. For

example, the anchor 102 can include features having a predetermined shape and size, such as

one or more barbs or hooks that protrude from the sides of the anchor 102 to imbed into

surrounding vascular tissue and grip the vessel when a proximal pull force is exerted on the

tether 104. These gripping features of the anchor 102, however, can be configured to

collapse such that the anchor 102 can be removed from the vessel. In some implementations,

the features can be configured to yield and/or collapsed when a distal tip of tetherable guide-

sheath 400 is advanced over them, as will be described in more detail below. For example,

the struts 202 shown in FIG. 2B can incorporate one or more cleats or barbs on their distal

ends to improve their grip within the anatomy. The cleats can protrude outward toward the

vessel wall such that upon expansion or release of the struts 202 from their constrained

configuration the pointed ends of the cleats engage with the vessel wall. The cleats can be

configured to undergo flexure upon re-sheathing such that they can be removed from the

anatomy. For example, the cleats in the unconstrained configuration can bend outward such

that their pointed ends extend towards the vessel wall and/or bend back towards the proximal

direction to improve engagement with the vessel wall, for example, upon proximal pull force

on the tethering device. Their pointed ends can be urged away from the vessel wall during

re-sheathing, for example, such that they flex back in the distal direction upon distal

advancement of a sheath or tubular structure to once again constrain the struts 202 in a low

profile configuration.

[000121] It should be appreciated that reference to one implementation of an anchor as

having a particular feature, such as a surface treatment, anchoring feature, cleat, barb, etc.,

may be incorporated into any of the various anchors described herein.



[000122] FIG. 4 shows a perspective view of another tethering device in accordance

with an implementation having an anchor 102 physically connected to a tether 104 and

further including a pusher tube 109. The tether 104 can be attached to the anchor 102 at one

or more joints 108, such as a first joint 108 distal to the anchor 102 and/or a second joint 108

proximal to the anchor 102. The pusher tube 109 can slide distally and proximally relative to

the tether 104, and may be removed prior to delivery of a tetherable guide-sheath 400 over

the tether 104. The tether 104 and/or pusher tube 109 can be gripped and advanced to push

the anchor 102 forward for delivery to an anchoring site in a target anatomy. Similarly, the

pusher tube 109 can be retracted over the tether 104 to remove the pusher tube 109 from the

target anatomy, while keeping the anchor 102 and the tether 104 in place to receive a

tetherable guide-sheath, as will be described in more detail below. In some implementations,

the anchor 102 is collapsed or constrained inside the pusher tube 109 and the pusher tube 109

is used to provide some heft and pushability such that the pusher tube 109 is used to advance

an otherwise flexible wire of the tether 104, for example through a microcatheter, finder

catheter, or diagnostic catheter. The size of the pusher tube 109 can remain small enough

such that a tetherable guide-sheath 400 can be thread onto it, as will be discussed in more

detail below.

[000123] Referring to FIG. 5A, a detail view, taken from Detail A of FIG. 4, of a distal

portion of a tethering device is illustrated in accordance with an implementation. The anchor

102 can be configured to expand when a force is applied. The anchor 102 can include a

closed-cell stent like structure, e.g., made of self-expanding material like nitinol. The anchor

102 can include a slit tube structure, for example, a structure that includes a tube made of a

self-expanding material like nitinol, and having several longitudinal slits or slots that allow

the tube to be expanded from an unexpanded, tubular shape, to an expanded shape.

Accordingly, the anchor 102 may be set to a desired shape, for example, by a heat set

process. Alternatively, the anchor 102 can be formed from spring steel, alloys, or even

polymeric material. Furthermore, the tether 104 can include an anchor wire 111 extending

through a runner tube 113. The anchor wire 111 can be seen in FIG. 5A although is hidden

behind a middle rib 115 of the slit tube in FIG. 5D. The anchor wire 111 can connect to the

anchor 102 at the distal joint 108. Similarly, the runner tube 113 may be connected to the

anchor 102 at the proximal joint 108. Thus, a withdrawal or pulling load applied to the

anchor wire 111 can lead to compression of the anchor 102 between the distal joint 108 and

the proximal joint 108. The compression may cause outward bowing and expansion of the



ribs 115 of the anchor 102. Accordingly, when actuated within an anchoring vessel, the

anchor 102 may secure the tethering device 100 within the target anatomy.

[000124] FIG. 5B is a sectional view of FIG. 5A taken about line A-A, of a distal

portion of the tethering device 100 shown in FIG. 4 . The anchor 102 can be a self-expanding

structure having one or more rib segments 115 interconnected with one or more spreader

segments 117. The anchor 102 can also include a slit tube structure having one or more rib

segments 115 extending longitudinally between a proximal joint 108 and a distal joint 108 as

shown in FIGs. 5D-5G. Each rib segment 115 can have a distal end attached to the distal

joint 108 and a proximal end attached to a distal end of a corresponding spreader segment

117. Similarly, each spreader segment 117 can have a proximal end connected to the

proximal joint 108 of the anchor 102. In an implementation, the proximal joint 108 includes

a tether collar 119, such as a band that is swaged, glued, or otherwise affixed to one or more

of the anchor 102 or the runner tube 113 of the tether 104.

[000125] Still with respect to FIGs. 5A-5B, the anchor wire 111 can include a rigid

member designed to transmit longitudinal force to the distal joint 108. Thus, the anchor wire

111 can be fixed to the distal joint 108, and can impart an expansion force to the anchor 102

when pulled. More particularly, when a compressive load is applied to the anchor 102

between the distal joint 108 and the tether collar 119, the rib segments 115 may tend to bow

outward, and the spreader segments 117 may maintain a lateral separation between the

proximal ends of the rib segments 115 and the anchor wire 111 . Accordingly, the anchor 102

may expand from an unexpanded state, e.g. a tubular shape, to an expanded state, e.g. a

bulbous shape. The anchor wire 111 may have an outer diameter of 0.006 inch, the runner

tube 113 may have an outer diameter of 0.01 1 inch, and the pusher tube 109 may have an

outer diameter of 0.020 inch. The wall thicknesses of the runner tube 113 and the pusher

tube 109 may be minimized for their respective materials, which may be a medically

acceptable material such as nitinol or stainless steel.

[000126] FIG. 5C is a detail view of a distal portion of a tethering device. As with other

implementations, the anchor 102 can be configured to self-expand and/or expand when a

force is applied to it. The anchor 102 can include a slit tube structure, for example a tube

made of a self-expanding material like nitinol, and the tube can include several longitudinal

slits or slots that allow the tube to be expanded from an unexpanded, tubular shape, to an

expanded shape as shown. Accordingly, the slit tube structure can be set to a desired shape,

for example the illustrated expanded shape, by a heat set process. Alternatively the anchor

can be formed from spring steel, alloys, or polymeric materials as described elsewhere herein.



The tether 104 can include an anchor wire 111 (hidden behind a middle rib of the slit tube

structure in FIG. 5C) extending through a runner tube 113. The anchor wire 111 can connect

to the anchor 102 at the distal joint 108. Similarly, the runner tube 113 can connect to the

anchor 102 at the proximal joint 108. Thus, a withdrawal or pulling load applied to the

anchor wire 111 can lead to compression of the anchor 102 between the distal joint 108 and

the proximal joint 108. The compression can cause outward bowing and expansion of the

ribs 115 of the anchor 102. Accordingly, when actuated within the anchoring vessel, the

anchor 102 can secure the tethering device 100 within the target anatomy.

[000127] FIG. 5D is a sectional view taken about line A-A of FIG. 5C of a distal portion

of a tethering device. The anchor 102 can be a slit tube structure having one or more rib

segments extending longitudinally between the proximal j oint 108 and the distal point 108.

Each rib segment 115 may have a distal end attached to the distal joint 108 and a proximal

end attached to the proximal joint 108. In an implementation, the proximal joint 108 includes

a tether collar 119, such as a band that is swaged, glued, or otherwise affixed to one or more

of the anchor 102 or the runner tube 113 of the tether 104. The distal end of the anchor 102

in any of the various implementations described herein can include an atraumatic distal tip

210 (see FIGs. 5C-5E).

[000128] FIG. 5E illustrates an interrelated implementation in which the anchor 102

includes a braid or overlapping wire structure. The anchor 102 can include a braided mesh

120 made of self-expanding material such as nitinol such that the mesh structure can be set to

a desired shape by, for example, a heat set process. As with other implementations, the tether

104 can include an anchor wire 111 extending through a runner tube 113 such that a

withdrawal or pulling load applied to the anchor wire 111 can lead to compression of the

anchor 102 between the distal joint 108 and the proximal joint 108. The compression can

cause outward bowing and expansion of the braided mesh 120 to secure the tethering device

in the target anatomy.

[000129] The runner tube 113 can be large enough to provide a slip fit with the anchor

wire 111, such that the anchor wire 111 is able to easily slide along an entire length of the

runner tube 113. Nonetheless, the runner tube 113 may be small enough to minimize a

diameter of a tether lumen in the tetherable guide-sheath 400, as will be described below.

The runner tube 113 can be fixed to the proximal joint 108 of the anchor 102, and can be

longer than a distance between the anchoring site and an exit port in the tetherable guide-

sheath, but shorter than an overall length of the anchor wire 111 and the anchor lengths.

Accordingly, the anchor wire 111 can exit a proximal end of the runner tube 113. The runner



tube 113 can have a similar length to the pusher tube 109, or the runner tube 113 can be

shorter than the pusher tube 109, for example, to minimize an overall length of the anchoring

delivery system 10.

[000130] The pusher tube 109 can be large enough to provide a slip fit with the runner

tube 113, such that the runner tube 113 is able to easily slide along a length of the pusher tube

109. The pusher tube 109, however, may be small enough to abut the tether collar 119 or a

proximal end of the anchor 102. Accordingly, the pusher tube 109 can be pressed forward

(and/or the anchor 102 withdrawn) such that a distal face of the pusher tube 109 presses

against the tether collar 119 (or proximal end of the anchor 102) to exert a forward load on

the anchor 102. The pusher tube 109 can be longer than an overall length of a delivery

catheter, which may typically be 100 cm in length. Accordingly, the pusher tube 109 can be

grasped and pulled back after delivery of the anchor 102 to the anchoring site to remove the

pusher tube 109 from the anchor 102, the tether 104 and the patient anatomy.

[000131] FIGs. 5F-5G illustrate a distal portion of an implementation of the tethering

device 100. As previously described, a distal end of an elongated member such as the anchor

wire 111 may be connected to a distal end of the anchor 102 at a distal joint 108. The

connection can be either permanent or temporary, e.g., like the transition described above.

For example, the anchor wire 111 can be threaded into the distal joint 108 of the anchor 102

such that it may be rotated to detach from the anchor 102. The anchor wire 111 can also be

connected permanently to the anchor 102 such as by soldering, welding, gluing, crimping or

other fasteners. The anchor 102 can be preloaded into a pusher tube 109 or constricting

sheath. The anchor 102 can be loaded during the procedure into a catheter, which might have

already been placed into the vasculature of a patient. The distal attachment point or joint 108

between the anchor wire 111 allows the push force to be transmitted to the distal portion of

the anchor 102 such that the anchor 102 can be "pulled" into the pusher tube 109, which can

significantly simplify loading. When the anchor 102 is constricted by the pusher tube 109, or

is inside a catheter, the distal end of the pusher tube 109 or the distal end of the catheter can

be positioned at the location where the anchor 102 is to be deployed. During deployment, the

pusher tube 109 or the catheter can remain stable and the anchor 102 can be pushed out, e.g.

by applying a distal load to the runner tube 113. After the distal part of the anchor 102 is in

contact with an inner surface of the anchoring anatomy, the pusher tube 109 may be pulled

back to allow the anchor 102 to expand into contact with the anchoring anatomy. In some

implementations, the anchor 102 has a closed cell structure and the anchoring structure will



be constricted in its diameter as long as the anchor 102 is not fully released. This feature can

significantly simplify the release of the anchor 102 into the target anatomy.

[000132] As best shown in FIGs. 5F and 5G, the tethering device 100 can include a

stopper 122 attached to the anchor wire 111 . The stopper 122 can limit an amount of

expansion of the anchor 102. For example, when the anchor wire 111 is pulled back within

the runner tube 113, the stopper 122 may eventually contact a proximal end of the anchor 102

and/or the tether collar 119, to prevent additional bowing of the rib segments 115. At that

point, the anchor 102 can grip the anchoring vessel with sufficient friction to resist being

pulled proximally by the tether 104. Accordingly, the expansion of the anchor 102 may stop.

A distance between the stopper 122 and the proximal end of the anchor 102 can define the

maximum expansion dimension of the anchor 102. Furthermore, the distance can correlate

with a radial force applied to the anchoring anatomy by the anchor 102. Thus, the stopper

122 can be located to tune the radial force and the corresponding fictional force applied to the

tissue by the anchor 102. More particularly, the anchor 102 can be configured to apply

sufficient frictional force to the tissue to resist a pull force applied by an operator to the tether

104, or a reaction load applied to the tether 104 by a working device being advanced to a

target anatomy, as described below.

[000133] The anchors described herein are designed to stay fixed in a vessel when

deployed, but may slide through a catheter for delivery to the anchoring site by pushing on

the tether 104 and/or pusher tube 109 of the system. Additionally, the anchor 102 may be

withdrawn into a capturing element, such as a tetherable guide-sheath 400, a micro catheter,

etc., for removal from the anatomy. Accordingly, pulling the anchor 102 into the capturing

element may retract and collapse the expandable structure rather than expand the expandable

structure. Furthermore, the elongated section of the tethering device 100, i.e., the

combination of the tether 104 and the pusher tube 109, may be larger during delivery of the

anchor 102 to the anchoring site than after delivery. More particularly, after delivering the

anchor 102, the pusher tube 109 may be removed from the anatomy to make the remaining

portion of the elongated section, i.e., the tether 104, as thin as possible such that the

tetherable guide-sheath may be advanced over the tether 104 and fixed to the tether 104 while

maintaining a sufficiently large working lumen to advance a working device through the

tetherable guide-sheath to a target vessel.

[000134] The anchors described herein can include a structure configured to anchor

within an anchoring vessel that relies upon apposition of a plurality of struts or rings with the

underlying vessel. The anchors described herein can also include a structure configured to



anchor within an anchoring vessel without relying upon apposition. For example, the anchors

can incorporate a coiled wire having one or more loops configured to be constrained to a

straighter, low profile configuration during delivery and upon release of the constraint take on

a higher profile configuration that is helical, spiral, twisted, bent, curved, or double-curved

etc. such that the anchor anchors within the vessel, for example, as shown in FIGs. 5H-5L,

and as will be described in more detail below.

[000135] FIG. 5H shows a detail view of a distal portion of a tethering device in

accordance with an implementation. The tethering device 100 can include an anchor 102

configured to deform or distort the vessel as opposed to vessel apposition devices, such as a

stent-type anchor, which rely upon high radial force. Such anchors provide excellent holding

force even if deployed in straight vessels. The anchor 102 provides simplicity in

manufacture, deliverability, anchoring even in relatively straight vessels, and speed of

execution that is appealing from a clinical standpoint. The tethering device 100 can include

an anchor 102 having a shape memory wire that passively changes (e.g. self-expands) from a

smaller profile configuration to a larger profile configuration. The tethering device 100

including the anchor 102 can be configured to be inserted into a vessel through a diagnostic

catheter that accepts 0.038-inch (0.97 mm) guide wires. As such, the anchor 102 may include

a wire segment, e.g., a segment of wire having a diameter of, e.g., 0.038-inch, that is formed

from a shape memory wire, e.g., nitinol wire. The shape memory wire may be pre-formed

into a heat set shape having one or more primary and/or secondary curves, bends, coils, or

turns. The shape memory wire can include a heat set shape that includes, but is not limited

to, a J-shape, a hook-shape or other profile having one or more bends, curves, coils, etc.

Furthermore, the shape memory wire may be elastically deflected into a substantially

straightened or elongated shape for delivery through a lumen of a catheter. Thus, the anchor

102 may be delivered in the smaller profile configuration when the shape memory wire is

straightened (as shown by dotted lines 125 in FIGs. 5H), and the anchor 102 may change into

the larger profile configuration when the wire returns towards the pre-set hook-shape 127

within the anchoring vessel. When the anchor 102 returns towards the resting shape inside

the vessel, the vessel itself can undergo an amount of distortion and in turn engage the

anatomy surrounding the vessel. Thus, the vessel distortion and resistance provided by the

anatomy adjacent the vessel can contribute to the level of holding force provided by the

anchor 102 upon deployment in the anchoring vessel, as is described in more detail below.

[000136] FIG. 51, a detail view of a distal portion of a tethering device, is shown in

accordance with an implementation. As described above, the tethering device 100 having a



self-expanding shape memory wire design may include a preformed shape that incorporates

one or more loops or coils 126. More particularly, the anchor 102 can include a coil 126

having one or more turns about an axis. For example, a longitudinal segment 128 of the

anchor 102 may be along the central axis and the turn(s) of the coil segment 126 may extend

proximally from a distal end of the longitudinal segment 128 toward a proximal end of the

longitudinal segment 128. The proximal end of the longitudinal segment 128 may, for

example, be at the transition point 124 between the anchor 102 and the anchor wire 111 . The

coil 126 can be a single loop, 1.5 loop, or a 2 loop anchor 102. Each loop of the coil 126 can

be a 6 mm loop.

[000137] The coil segment 126 may extend out of plane with a direction of insertion or

in plane with a direction of insertion. FIGs. 5J-5L show another implementation of an anchor

102 formed by an extension spring configured to coil in plane with a direction of insertion.

The longitudinal segment 128 of the anchor 102 can be along the central axis A . The coil(s)

126 can loop back toward a proximal end of the longitudinal segment 128 and then back

toward a distal end of the longitudinal segment 128. Rather than the coil(s) 126 being about

the central axis A, the coil(s) 126 can loop around an axis B that is at an angle to, such as

perpendicular or orthogonal to, the central axis A forming a pigtail type coil or spiral wire.

The coils 126 in a resting state, unconstrained by either a tubular element or vessel (i.e. in the

air), can touch each other or align side-by-side (see FIG. 5K). During delivery towards a

vessel, the coils 126 are constrained in a substantially straightened configuration, for

example, within a tubular delivery element. Withdrawal of the tubular delivery element in a

proximal direction (arrow A in FIG. 5L), unsheathes the coils 126 and deploys the anchor

102 in the vessel. When deployed within a vessel, the coils 126 take on a helical, semi-

helical, curved, or "wiggle" shape that can distort the vessel and fix the anchor 102 to the

deployed location. As described above, the return of the coils 126 towards this shape

following removal of a straightening constraint (e.g. lumen of a finder catheter through which

the anchor 102 is delivered) can distort the vessel from its natural path to a path that is

dictated in part by the shape the coils 126 take on upon unsheathing. For example, FIG. 5M

illustrates an anchoring vessel 1904 following its natural path within the cerebral anatomy.

FIG. 5N illustrates a tethering device 100 deployed within the anchoring vessel 1904 where

the anchor 102 of the tethering device 100 is a stent-like vessel apposition device. The

anchoring vessel 1904 generally maintains its natural path and anchoring is provided by the

apposition of the anchor 102 against the vessel wall with or without the presence of

additional barbs or cleats or other feature to improve fixation of the anchor 102. FIG. 50



illustrates another implementation of a tethering device 100 deployed within the anchoring

vessel 1904. In this implementation, the anchor 102 takes on a substantially helical shape

within the anchoring vessel 1904, which in turn, causes the anchoring vessel 1904 to distort

away from its natural path and instead follow the directional turns of the anchor 102. In this

implementation, engagement between the distorted vessel 1904 and the tissues of the adjacent

anatomy assist in the holding force provided by the anchor 102. The distortion within the

surrounding tissue allows the resistance of the surrounding tissue to these distortions to

increase the hold of the anchor 102 such that the anchor 102 now engages an entire "block"

of tissue rather than just the vessel wall. The holding force provided can be sufficient to

prevent the anchor 102 from being dislodged from the anchoring vessel 1904 upon

application of a pulling force on the tether 104 in a proximal direction even when tightly

drawn and coupled to the proximal end of the guiding sheath 400 such that advancement of a

working device causes a downward pulling force on the sheath 400.

[000138] The wire composition and size, as well as the coil diameter, the number of

coils, and the amount of expected external force on the anchor 102 can all be considered in

the design of the anchor 102. FIG. 5K shows two coil segments 126 to the anchor 102,

however, the anchor 102 can include one, two, three, four, five, six, or more coil segments

126. The diameter of the coils 126 can vary depending on the vessel within which the anchor

device is intended to be used. The diameter of the coils 126 can affect the holding force as

the smaller the coil loop, generally the stiffer the anchor.

[000139] The tethering device 100 can include the tether 104 extending proximally from

the anchor 102. In an implementation, the tether 104 may have a smaller diameter than the

shape memory wire used to form the anchor 102. In some implementations, the tether 104

can be formed from a shape memory wire having a diameter between about 0.005-inch to

about 0.014-inch, e.g., 0.006-inch, 0.007 inch, 0.008 inch, or 0.009-inch up to 0.016-inch. In

other implementations, the tether 104 can have a diameter from about 0.005 inches to 0.025

inches, e.g., 0.008 inches, or 0.009 inches, or 0.010 inches, or 0.035 inches, depending on the

degree of support that the tether 104 provides. The tether 104 can be a solid wire rod, a

ribbon, or a hypotube. In some implementations, the tether 104 can be a stainless steel rod,

ribbon or hypotube. In other implementations, the tether 104 can be Drawn Filled Tubing

(DFT) with a radiopaque core, such as an outer sheath of a composite to provide strength and

a core material to provide superelasticity, conductivity, radiopacity, resiliency, etc. In some

implementations, the tether 104 can be DFT of Nickel titanium with a radiopaque core such

as platinum or tantalum.



[000140] The tether 104 may be integrally formed with the anchor 102, e.g., the anchor

102 and the tether 104 may be segments of a same wire. Alternatively, the anchor 102 and

the tether 104 may be different wires that are connected at a transition point 124 via a

mechanical, adhesive, or welded bond. In some implementations, the wire of the tether 104

is integral with the wire of the anchor 102 and the anchor 102 created by coiling over a

mandrel and/or via grinding. For example, in some implementations the anchor 102 can be

formed by winding the wire around a shaft such as a mandrel. The ends of the anchor 102

can be bent into a desired shape, whether that is straight or otherwise looped, hooked, or bent.

The anchor 102 can be formed by cold winding or hot winding and then hardened to relieve

stress and allow resilience in the spring. The anchor 102 can be formed by coiling a length of

wire around a mandrel M in a first direction (arrow A in FIG. 5P) and doubling back around

the mandrel M in a second opposition direction (arrow B in FIG. 5Q) to create a first overlap

section. More overlap sections can be created by once again coiling the wire about the

mandrel M in the first direction (arrow A in FIG. 5R) until a coil having a particular holding

strength is formed. More coils can be formed in the length of wire in a similar manner until

an anchor 102 is formed having the desired number of coils having a desired overall diameter

and a desired holding force. The anchor 102 can also be formed by grinding a round or flat

wire using a coiling lathe to create single diameter coils or tapered coils. The anchor 102 can

be formed of a plurality of materials including a core wire and an external coil laser welded

to the core wire. The anchor 102 can be formed of stainless steel wire, nitinol wire, drawn

filled tube (DFT) with a radiopaque core, hypotube.

[000141] One skilled in the art will appreciate that a shape memory wire may be pre

formed to have numerous larger profile configuration shapes. For example, the coil segment

126 of the anchor 102 may extend distally from the longitudinal segment 128 of the anchor

102 with turns having increasing diameters such that a conical coil shape is formed.

Alternatively, the turn diameters may increase and decrease in a longitudinal direction of the

coil segment 126 such that a barbell shaped coil segment is formed. Still further, the coil

segments 126 may each have a diameter that are substantially the same and sized to engage

the vessel within which the anchor 102 is implanted upon release from the catheter lumen.

Thus, the anchor 102 may include a shape memory wire segment that may be deformed or

deflected to the smaller profile configuration and then released into a heat set shape of the

larger profile configuration to create friction against a vessel wall. The larger profile

configuration of the anchor 102 may be wider in a transverse dimension than the smaller



profile, and thus, the anchor 102 may press against a vessel wall to anchor the tethering

device 100 when it emerges from the lumen of the catheter.

[000142] FIGs. 5S-5U illustrate various implementations of a distal end of a tethering

device 100. The anchor 102 can include one or more shock absorber regions 123 and one or

more anchoring loop regions 129. FIGs. 5S illustrates an anchor 102 having a wire coiled

into a distal shock absorber region 123 adjacent a central anchoring loop region 129whereas

FIG. 5T illustrates a distal anchoring loop region 129 having a floppy J-tip 131. FIG. 5U

illustrates an anchor 102 having a wire coiled into a distal anchoring loop region 129 and a

proximal anchoring loop region 129 interspersed with a first shock absorber region 123 and a

second shock absorber region 123, thus creating two sets of anchoring loops 129 and two sets

of absorbent loops 123.

[000143] The anchor 102, with or without additional barbed or cleat elements, can

embed within the wall of the vessel and optionally can cause the vessel within which it is

deployed to undergo a degree of distortion, particularly if a proximal tugging force is applied

on the tether 104. Thus, the friction between the anchor 102 and the vessel aids in the

retention of the tethering device in the vessel as does the distortion of the vessel within which

the tethering device is anchored, and optionally engagement between barbs of the anchor and

the vessel. The vessel can deform into a single or double curve under the distortion force of

the anchors 102 described herein further improving their anchoring function while

maintaining flow through the anchor 102 with little disturbances due to the presence of the

anchor 102. Thus, a combination of forces provides an anchoring function. The combination

of proficient anchoring for the delivery of implant delivery systems and maintenance of blood

flow in and around the anchor are beneficial to successful interventions within the

neurovasculature and consistent access catheter delivery to the skull base.

[000144] It should be appreciated that the anchor itself need not embed within the wall

of the vessel due to a shape change upon deployment. In some implementations, the anchor

102 is deployed in a more superficial anatomic location, such as within a facial artery, that

allows for fixation of the anchor 102 from outside the body anatomy. For example, the

tethering device 100 can include a proximal tether 104 and a distal anchor 102 deployed

within a superficial vessel. The distal anchor 102 can be fastened within the superficial

vessel by magnetic attraction between the distal anchor 102, formed of a magnetic material

such as stainless or incorporating magnetic elements, and one or more magnets placed on a

skin surface near the superficial vessel, such as on the cheek or the neck near the ear. In



other implementations, at least a portion of the anchor 102 can be externalized and clamped

outside the body.

[000145] It should be appreciated that various anchor implementations are described

herein and the term anchor is used generally herein to refer to an element used for anchoring

of the tethering device within a target anatomy. Anchors can include any of a variety of

configurations as described herein including, but not limited to self-expanding or non-self-

expanding devices, braids, mesh, wires, stents, coils, or other particular implementation

described herein. Any of a variety of combinations of features of the anchors are considered

herein. Further, although a particular anchor implementation may be shown in a particular

figure for purposes of illustration, it is not intended to be limiting or to suggest that the

anchor implementation shown would be the only anchor implementation useful for that

particular feature.

[000146] The deployment of the various anchoring devices described herein will now be

described. It should be appreciated that the anchor shown in the figure is represented in

schematic for illustration purposes only to represent a change from a low profile

configuration to a higher profile configuration. The actual configuration of the anchor can

vary as described herein.

[000147] Referring to FIGs. 6A-6B, a schematic view of a tethering device deployment

is illustrated in accordance with an implementation. The tethering device 100 can include a

distal anchor 102, a proximal tether 104 having an inner anchor wire 111 and an outer runner

tube 113. When deploying the tethering device 100, the operator may fix the runner tube 113

in place and adjust the placement of the anchor 102 in the vessel. The anchor 102 can be

expanded and the anchoring can be tested by pulling the anchor wire 111 relative to the

runner tube 113 and then fixing the two in relative position to each other (see FIG. 6B). The

tethering device 100 can be adjustable, for example, if there is slip or an "extreme" moment

during the procedure extra anchoring can be transiently applied to the anchoring vessel and

released when the distension applied to the vessel is not desired. The expansion applied by

pulling the anchor wire 111 can be in addition to expansion provided by self-expansion of the

anchor 102 to a preformed expanded shape, for example as shown in FIGs. 2B-2D or FIGs.

5A-5B. If the runner tube 113 and anchor wire 111 interaction provides some friction the

expansion of the anchor 102 can be retained from the friction between the two systems. It

can provide anchoring that allows the deployment of the tetherable guide-sheath 400 over the

tether 104, i.e., the runner tube 113/anchor wire 111 combination, as will be described in

more detail below.



[000148] Referring to FIG. 7A, a schematic view of a tethering device deployment is

illustrated in accordance with an implementation. Once tetherable guide-sheath 400 is

positioned, another adjustment of the runner tube 113 relative to the anchor wire 111 can be

done, and then the anchor wire 111 can be locked in place relative to the tetherable guide-

sheath 400. Referring to FIG. 7B, a schematic view of a tethering device deployment is

illustrated in accordance with an implementation. In an implementation, when the fixation

point is applied to the anchor wire 111, downward forces on the tetherable guide-sheath will

transmit directly to the anchor wire 111 and in return will expand the anchor 102 as the distal

tip is pulled downward with downward force - further anchoring the system in response to

downward force. It is expected that during the procedure, as long as the anchor wire 111

fixation relative to the tetherable guide-sheath 400 is constant, the anchor 102 will expand

and anchor in accordance with the forces that are transmitted downward on the tetherable

guide-sheath 400. Increasing or decreasing "baseline anchoring" can be dialed into the

system in accordance with operator preferences and the needs of the procedure. The baseline

anchoring may also be applied by self-expansion of the anchor 102 to a preformed expanded

shape as shown in FIGs. 5D-5F.

[000149] Referring to FIGs. 8A, a schematic view of a tethering device in an

unexpanded state is illustrated in accordance with an implementation. Taking this to a more

mechanical level, one or more locking elements 130 may be used to "open and close" the

anchor 102 at different diameters (and corresponding tensions against the vessel wall). The

anchor 102 is shown in a low-profile configuration with the anchor 102 cut away so that the

anchor wire 111 traversing the entire length of the assembly is visible within the anchor 102

and exiting the proximal end of the runner tube 113. Specialized locking elements 130 can

be applied individually to the portions of the anchor wire 111 and the runner tube 113 that are

exposed, e.g., that are situated outside of a patient anatomy and/or a rotating hemostatic valve

(RHV) coupled with the tetherable guide-sheath, as described below. For example, a first

locking element 130a can be coupled to the anchor wire 111 and a second locking element

130b can be coupled to runner tube 113.

[000150] Referring to FIG. 8B, a schematic view of a tethering device in an expanded

state is illustrated in accordance with an implementation. With tightened down locking

elements 130a, 130b, the relationship of the anchor wire 111 to the runner tube 113 can be

adjusted - either adjusted to tactile feedback or perhaps to fluoroscopic visualization of the

expansion and contraction of the anchor. Tension can be applied by pulling the two locking



elements 130a, 130b apart to expand the anchor 102. The reverse can be used to contract the

anchor 102 and may even be held contracted to withdraw the device into a catheter or sheath.

[000151] Referring to FIG. 8C, a schematic view of a tethering device in an expanded

state and locked state is illustrated in accordance with an implementation. Once the desired

tension is applied to expand the anchor 102 to a target dimension for anchoring at an

anchoring site in an anchoring vessel, the anchor wire locking element 130a can be advanced

forward to abut a proximal end of the runner tube 113. Holding the anchor wire locking

element 130a firm against the runner tube 113 at the anchor wire/runner tube transition and

locking the anchor wire locking element 130a down at that position can lock the relationship

of the anchor wire 111 and the runner tube 113 relative to each other (and lock the anchor

102 under a fixed tension). This is "locking open" the anchor 102. For added security, the

runner tube locking element 130b can be loosened and advanced to the face of the RHV

and/or the tetherable guide-sheath, and locked down to prevent movement of the runner tube

113 relative to the RHV/tetherable guide-sheath assembly. If the RHV being used is not

"specialized" to hold the runner tube 113 firmly, there can be a risk of slippage. If the runner

tube 113 is of a stainless steel or nitinol or hardened material, when the operator encounters

resistance on advancing interventional tools and anchoring is called for a downward force can

be transmitted from the tetherable guide-sheath down the column of the tether 104, for

example, formed by the anchor wire 111 extending through the runner tube 113. A standard

commercial RHV can slip, and thus, a tether gripper such as a specialized RHV may be used

to reinforce the relationship of the tether 104 relative to the sheath assembly and is described

in more detail below (see FIGs. 25-27).

[000152] As described herein the tethering device can vary in its pushability,

steerability, torque and opacity. Thus, in some implementations the tethering device 100 can

have a relatively pushable tether 104 such that the tethering device 100 can be advanced

through a guide catheter. In other implementations, the tethering device has a tether 104 that

is less pushable to advance and steer the anchor 102 into place. Thus, a pusher tube 109 or

other tubular element 135 configured to receive the tether 104 may be incorporated to aid in

the delivery of the anchor 102 to the target site through a catheter lumen. FIGs. 9A-9B

illustrate a schematic view of a tethering device 100 having an anchor 102 configured to be

elastically deformed into a low profile configuration. In the low-profile configuration, the

coil segments 126 of the anchor 102 coupled at a distal end region of the tether 104 are

extended or substantially straightened into a smaller profile configuration such as those

shown by dotted lines in FIGs. 5H-5I such that the anchor 102 can be positioned within a



tubular element 135 (see FIG. 9A). A pusher tube 109 can be positioned over the tether 104

and within the tubular element 135 such that a distal end of the pusher tube 109 abuts a

proximal end of the anchor 102 to aid in the delivery of the anchor 102 at the target location.

In order to release the anchor 102 into the higher-profile configuration, the tubular element

135 can be withdrawn in a proximal direction (arrow A) and/or the pusher tube 109 advanced

in a distal direction (arrow B) urging at least a portion of the anchor 102 to exit the tubular

element 135 prior to unsheathing the anchor 102 from the tubular element 135 such that the

anchor 102 emerges from the lumen of the tubular element 135 and self-expand or otherwise

return to a larger profile configuration to anchor within a vessel (see FIG. 9B). The pusher

tube 109 can have an outer diameter between that of the tether 104 and the anchor 102, for

example an outer diameter of 0.006-inch to 0.038 inch, e.g. 0.021-inch. As described

elsewhere herein, one or more locking elements 130 can be coupled to the tether 104, the

tubular element 135, and/or a portion of the pusher tube 109 and situated outside of a patient

anatomy and/or a rotating hemostatic valve (RHV) coupled with a proximal end of the

tetherable guide-sheath. Further, as described elsewhere herein, the anchor 102 can be re-

sheathed such as by advancing the tubular element 135 in a distal direction, pulling the tether

104 in a proximal direction, or both such that the anchor 102 abuts a distal end of the tubular

element 135 and gradually straightens as the anchor 102 is pulled into the tubular element

135 (FIG. 9C).

[000153] As described above, the anchor 102 can incorporate one or more struts 202

having free, distal strut ends 204. As shown in FIGs. 1OA- IOC, the strut ends 204 can form

cleats 205 that protrude outwards upon expansion or release of the struts 202 form their

constrained configuration such that the pointed ends 204 of the cleats 205 can engage with

the vessel wall. The cleats 205 can undergo flexure upon sheathing and re-sheathing such

that they can be removable from the vessel. FIG. 10A shows the struts 202 in a constrained

configuration such that the cleats 205 and their pointed ends 204 are contained within a

tubular element 135. Upon retraction of the tubular element 135 in a proximal direction

(arrow A) and/or extension of the struts 202 in a distal direction (arrow B), the struts 202 and

associate cleats 205 are released from constraining forces (FIG. 10B). The struts 202 can flex

in a direction away from the longitudinal axis of the tubular element 135 and the associated

cleats 205 can flex or bend such that their pointed ends 204 extend towards the vessel wall.

In some implementations, the cleats 205 upon release from the constraint of the tubular

element 135 can take on a curved shape such that their pointed ends 204 are oriented in a

direction back toward a proximal direction (see FIG. 10B). As such, the cleats 205 can allow



for distal movement within the vessel, but are prevented from moving proximally within the

vessel due to the pointed ends 204 of the cleats 205 snagging on the vessel wall. The pointed

ends 204 of the cleats 205 can be urged away from the vessel wall during re-sheathing, for

example by advancing the tubular element 135 in a distal direction such that the pointed ends

204 of the cleats 205 flex back towards the longitudinal axis and the struts 202 are

constrained in the lower profile configuration within the tubular element 135 (see FIG. IOC).

FIGs. 10D-10E illustrate another implementation of cleats 205 that can spring out upon

withdrawal of or advancement from a tubular element 135.

[000154] Tetherable Guide-Sheath

[000155] As mentioned above, the anchoring delivery system 10 can include a tethering

device 100 configured to be used with a guide-sheath to support and guide working devices

such as implant delivery systems to a target anatomy. FIG. 11 shows a perspective view of

an implementation of a tetherable guide-sheath 400. The tetherable guide-sheath 400 can be

an over-the-wire (OTW) type device and include an elongated body 402 extending from a

proximal furcation 404 at a proximal end region 403 to a tip 406 at a distal end configured to

bluntly dissect through and dilate narrowed sections of a diseased vessel as it is advanced.

The proximal furcation 404 may include several lumens molded into a connector body to

connect to corresponding lumens of the body 402 of the tetherable guide-sheath 400. For

example, the body 402 and the proximal furcation 404 may include a respective tether lumen

408 and a respective working lumen 410. The proximal furcation 404 may also include

additional lumens, e.g., an optional lumen 412, that can be connected to a corresponding

lumen of the body 402 to serve a purpose other than receiving the tether 104 of the tethering

device 100 or receiving a working device 802 to be delivered to a target anatomy. For

example, the optional lumen 412 may be connected with a syringe to deliver contrast through

a contrast lumen in the body 402 toward the tip 406 and into the target anatomy. A segment

of the tether lumen 408 can bifurcate away from a segment of the working lumen 410. More

particularly, the segment of the tether lumen 408 may extend at an angle from the segment of

the working lumen 410 to create a separation between the tether proximal port 414 and the

working proximal port 416. The tether lumen 408 can extend from the tether distal port 504

at a distal end to a tether proximal port 414 of the proximal portion 403 of the elongated body

402. Similarly, the working lumen 410 can extend from a distal end to a working proximal

port 416 of the proximal portion 403 of the elongated body 402.

[000156] The furcation 404 can be coupled to a rotating hemostatic valve (RHV) 434.

As mention above, the furcation 404 can include an optional lumen 412 that may be



connected with a syringe via a connector 432 to deliver a forward drip, a flush line for

contrast or saline injections through a lumen in the body 402 toward the tip 406 and into the

target anatomy. The optional lumen 412 can also connect to a large-bore aspiration line and

an aspiration source (not shown) such as a syringe or pump to draw suction through the

working lumen 410, as described in U.S. Patent Application Serial No. [Attorney Docket No.

50027-50200 1US], filed July 22, 2016, which is incorporated herein by reference. The

furcation 404 can be constructed of thick-walled polymer tubing or reinforced polymer

tubing. The RHV 434 allows for the introduction of devices through the guide-sheath 400

into the vasculature, while preventing or minimizing blood loss and preventing air

introduction into the guide-sheath 400. The RHV 434 can include a flush line or connection

to a flush line so that the guide-sheath 400 can be flushed with saline or radiopaque contrast

during a procedure. The flush line can also be used as a second point of aspiration. The

RHV 434 can be integral to the guide-sheath 400 or the guide-sheath 400 can terminate on a

proximal end in a female Luer adaptor to which a separate hemostasis valve component, such

as a passive seal valve, a Tuohy-Borst valve or rotating hemostasis valve may be attached.

The valve 434 can have 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 434

during removal. Alternately, the valve 434 can be removable and is removed when a device

is being removed from the sheath 400 to prevent clot dislodgement at the valve 434. The

furcation 404 can include various features of the proximal components described, for

example, in U.S. Application Ser. No. 15/015,799, filed February 4, 2016. The systems

described herein can provide advantages from a user-standpoint over tri-axial systems in that

they can be safely used by a single user. Common tri-axial systems have multiple RHV - one

for each component inserted. The positional location of the various components on the table,

from left to right, inform users of which component it is. For example, components

positioned to a right side of the table are inserted more distally and components positioned to

the left side of the operating table are inserted more proximally. The space on the table must

be quite large (e.g. up to 210 cm - 220 cm long). Generally all the components are arranged

in this way and require an additional technician to organize and arrange the various

components. The systems described herein incorporate components inserted through a single

RHV. As such, rather than relying on a positional organization spread out across a table over

6 feet long, multiple components of the systems described herein extend through the same

RHV such that a single user can control delivery, all the components can be shorter, and can

be used with less risk of sterile field contamination.



[000157] The length of the elongated body 402 is configured to allow the distal tip 406

of the body 402 to be positioned as far distal as the bifurcation between the external carotid

artery (ECA) and the internal carotid artery (ICA), for example, from a transfemoral

approach with additional length providing for adjustments if needed. In some

implementations, the length of the body 402 can be in the range of 80 to 90 cm or up to about

100 cm or up to about 105 cm. In implementations, the body 402 length is suitable for a

transcarotid approach to the bifurcation of the carotid artery, in the range of 20-25 cm. In

further implementations, the body 402 length is suitable for a transcarotid approach to the

CCA or proximal ICA, in the range of 10-15 cm. The body 402 is configured to assume and

navigate the bends of the vasculature without kinking, collapsing, or causing vascular trauma,

even, for example, when subjected to high aspiration forces.

[000158] Referring to FIGS. 12A, a detail view, taken from Detail B of FIG. 11, of a

distal end of a tetherable guide-sheath is illustrated in accordance with an implementation.

The tip 406 of the tetherable guide-sheath 400 can have a same or similar outer diameter as a

section of the body 402 leading up to the distal end. Accordingly, the tip 406 may have a

distal face 502 orthogonal to a longitudinal axis passing through the body 402 and the distal

face 502 may have an outer diameter substantially equal to a cross-sectional outer dimension

of the body 402. In an implementation, the tip 406 includes a chamfer, fillet, or taper,

making the distal face 502 diameter slightly less than the cross-sectional dimension of the

body 402. In a further implementation, the tip 406 may be an elongated tubular portion

extending distal to a region of the body 402 having a uniform outer diameter such that the

elongated tubular portion has a reduced diameter compared to the uniform outer diameter of

the body 402 (see FIGs. 12C-12E). Thus, the tip 406 can be elongated or can be more bluntly

shaped. Accordingly, the tip 406 may be configured to smoothly track through a vasculature

and/or to dilate vascular restrictions as it tracks through the vasculature. In an

implementation, the tether lumen 408 may have a distal end forming a tether distal port 504

in the distal face 502. Similarly, the working lumen 410 may have a distal end forming a

working port 506 in the distal face 502. As will be described below, the tetherable guide-

sheath 400 may also include one or more tether entry ports 504 along a side of the body 402.

[000159] Referring to FIGS. 12B, a detail view, taken from Detail B of FIG. 11, of a

distal end of a tetherable guide-sheath is illustrated in accordance with an implementation.

The tetherable guide-sheath 400 may include a tip 406 that tapers from a section of the body

402 leading up to the distal end. That is, an outer surface of the body 402 may have a

diameter that reduces from a larger dimension to a smaller dimension at a distal end of the



tether lumen 408, i.e., at the tether distal port 504. For example, the tip 406 can taper from an

outer diameter of approximately 0 .114" to about 0.035". The angle of the taper of the tip 406

can vary depending on the length of the tapered tip 406. For example, in some

implementations, the tip 406 tapers from 0.1 10" to 0.035" over a length of approximately 50

mm. In an implementation, the tether distal port 504 is centered along a longitudinal axis

passing through the body 402. Thus, the tapered tip 406 may be concentrically disposed

around the tether distal port 504. Accordingly, the tapered tip 406 may track smoothly

around bends within the targeted anatomy to avoid causing trauma to the tissue. The working

lumen 410 may extend parallel to the tether lumen 408 through the body 402 to a mouth 508

located proximal to the tether distal port 504 near the distal end of the tetherable guide-sheath

400. More particularly, the working port 506 may be an elongated mouth 508 disposed in a

side surface of the body 402, for example proximal to the tip taper. The mouth 508 may be

formed in the side surface using manufacturing techniques such as skiving and/or drilling.

Thus, the mouth 508 may have a dimension in at least one direction that is larger than a

diameter of the working lumen 410. For example, the mouth 508 may have a longitudinal

dimension that is larger than a cross-sectional diameter of the working lumen 410. The

diameter of the mouth 508 can be at least 1.5x, 2x, 2.5x, or 3x as large as an outer diameter of

a working device 802 extending therethrough. The mouth 508 can be skived such that it has

a length from a proximal end to a distal end that allows for a working device 802 to exit at a

range of angles, for example, very nearly parallel to the body 402 to a position that is at an

angle to the body 402, for example substantially perpendicular as well as greater than a right

angle to the body 402. This arrangement allows for ease of delivery of a working device 802

through the mouth 508 even in the presence of a severe angulation within the vessel being

traversed or where a bifurcation is present. Often, tortuous segments in vessels and

bifurcations have severe angulations to 90° or greater angle up to 180°. Classic severe

angulation points in the vasculature can include the aorto-iliac junction, the left subclavian

artery takeoff from the aorta, the brachiocephalic (innominate) artery takeoff from the

ascending aorta as well as many other peripheral locations. A distal tip 406 can extend well

beyond a distal end of the mouth 508 such that the tip 406 forms an elongate, soft tip for

maneuvering through the turns of the vasculature (see, e.g., FIGs. 12C-12D). In some

implementations, the mouth 508 can be located just proximal to the tip 406 or can be located

at least 0.25 mm or more away from the tip 406.

[000160] In an implementation, the tetherable guide-sheath 400 includes one or more

radiopaque markers 510. The radiopaque markers 510 can be disposed near the mouth 508.



For example, a pair of radiopaque bands may be swaged, painted, embedded, or otherwise

disposed in or on the body 402, for example on either side of the mouth 508. In some

implementations, the radiopaque markers 510 include a barium polymer, tungsten polymer

blend, tungsten-filled or platinum-filled marker that maintains flexibility of the distal end of

the device and improves transition along the length of the guide-sheath 400 and its resistance

to kinking. In some implementations, the radiopaque marker 510 is a tungsten-loaded

PEBAX or polyurethane that is heat welded to the body 402. The markers 510 are shown in

the figures as rings around a circumference of one or more regions of the body 402.

However, the markers 510 can have other shapes or create a variety of patterns that provide

orientation to an operator regarding the position of the mouth 508 within the vessel.

Accordingly, an operator may visualize a location of the mouth 508 under fluoroscopy to

confirm that the mouth 508 is directed toward a target anatomy where a working device 802

is to be delivered. For example, radiopaque marker(s) 510 allow an operator to rotate the

body 402 of the tetherable guide-sheath 400 at an anatomical access point, e.g., a groin of a

patient, such that the mouth 508 provides access to an ICA by subsequent working device(s),

e.g., catheters and wires advanced to the ICA. In some implementations, the radiopaque

marker(s) 510 include platinum, gold, tantalum, tungsten or any other substance visible under

an x-ray fluoroscope. In various implementations, the distance from the tether distal port 504

to the mouth 508 should be in a range that facilitates maneuvering of subsequent devices

advanced through mouth 508. It should be appreciated that any of the various components of

the systems described herein can incorporate radiopaque markers as described above.

[000161] Referring to FIG. 13, a sectional view of a distal end of a tetherable guide-

sheath is illustrated in accordance with an implementation. In an implementation, the

tetherable guide-sheath 400 includes the tip 406 at the distal face 502 of the body 402. Thus,

FIG. 13 may be a cross-sectional view of the distal end of the tetherable guide-sheath 400

illustrated in FIG. 12A and described above. The working lumen 410 and the tether lumen

408 can extend longitudinally along respective axes between the proximal end 403 of the

tetherable guide-sheath 400 and the distal tip 406. Furthermore, the tether lumen 408 may

include more than one tether distal port 504. For example, a tether distal port 504 may

optionally be disposed in the distal face 502 of the body 402, and one or more additional

tether entry ports 504 may be disposed in a side surface of the body 402, such that the ports

are in fluid communication with the tether lumen 408. More particularly, several tether entry

ports 504 may be disposed in the side surface at regularly spaced intervals. The tether 104

may be inserted through any of the tether entry ports 504 into the tether lumen 408 to allow



the tip 406 of the tetherable guide-sheath 400 to be advanced into a same or a different

anatomy than the anatomy that the anchor 102 is deployed within. For example, the tether

104 may be disposed in an anchoring vessel and the tip 406 of the tetherable guide-sheath

400 may be advanced into a target vessel that bifurcates away from the anchoring vessel

(FIG. 29D). As such, it will be recognized that depending on the tether distal port 504

through which the tether 104 is placed, a different length of the tetherable guide-sheath 400

may be advanced into the target anatomy. For example, when the tether 104 is placed in the

most distal tether distal port 504 in the side surface, a distal segment of the tetherable guide-

sheath 400 between the utilized tether distal port 504 and the tip 406 may be advanced into

the target anatomy. When the tether 104 is placed in the most proximal port in the side

surface, however, the distal segment of the tetherable guide-sheath 400 between the utilized

tether distal port 504 and the tip 406 may be longer. Accordingly, a stump tip of the

tetherable guide-sheath 400 as that shown in FIG. 12A or a long tip of the tetherable guide-

sheath 400 as shown in FIGs. 12C-12D may be advanced into the target anatomy.

[000162] Referring to FIG. 14, a sectional view, taken about line A-A of FIG. 12B, of a

distal end of a tetherable guide-sheath is illustrated in accordance with an implementation. In

an implementation, the tetherable guide-sheath 400 includes the mouth 508 on a side surface

of the body 402. The working lumen 410 and the tether lumen 408 may extend in a

longitudinal direction through at least a portion of the tetherable guide-sheath 400. For

example, the working lumen 410 may extend along a longitudinal working axis 702 between

the proximal furcation 404 and the mouth 508. Similarly, a proximal tether lumen 704

having a segment extending proximal to the mouth 508 may extend along a longitudinal

tether axis 706 from the proximal furcation 404 (in the case of an OTW tetherable guide-

sheath 400) and/or an exit port (in the case of a rapid-exchange (RX) type of tetherable guide-

sheath 400 as described below). The lumens need not, however, extend longitudinally over

the entire length of the tetherable guide-sheath 400. For example, a distal tether lumen 708

segment may be directed radially inward from the proximal tether lumen 704 over a portion

of the tetherable guide-sheath 400 distal to the mouth 508. More particularly, the tether

lumen 408 may diverge from the longitudinal direction toward the tether distal port 504,

which may be centrally located relative to a cross-section of the body 402. Thus, the tether

axis 706 passing through the tether distal port 504 may be radially offset from the tether axis

706 passing through the proximal tether lumen 704. The tether axis 706 passing through the

tether distal port 504 may pass through the working lumen 410 at a location proximal to the

mouth 508, i.e., the tether distal port 504 may be longitudinally aligned with the working



lumen 410. In an implementation, the tether axis 706 passing through the tether distal port

504 may be coaxial with the working axis 702, or may be closer to the working axis 702 then

to the tether axis 706 extending through the proximal tether lumen 704.

[000163] In an implementation, the working lumen 410 extends along a deflecting

surface 710 that directs a working device 802 passing distally through the body 402 outward

through the mouth 508. More particularly, the working lumen 410 may extend from the

mouth 508 at the tip 406 of the tetherable guide-sheath 400 to a proximal end 403 of the

tetherable guide-sheath 400, and the tetherable guide-sheath 400 may include a deflecting

surface 710 between the working lumen 410 and the tether lumen 408. The deflecting

surface 710 may be oblique to the working lumen 410. That is, the deflecting surface 710

may include a ramp having a radius that provides a smooth distal transition from the working

axis 702 to an exit axis extending radially outward through the mouth 508. The exit axis may

be at an angle to the working axis 702, for example, a 10, 15, 20, 25, 30, 35, 40, or 45 degree

angle. In some implementations the exit axis is at a 30° angle.

[000164] As described above, the body 402 of the tetherable guide-sheath 400 may

include at least one lumen, and may include several lumens. More particularly, the

implementations depicted in FIGS. 12-14 are dual-lumen catheters having a working lumen

410 accompanied by a tether lumen 408 along a majority of a length of tetherable guide-

sheath 400. A diameter of tether lumen 408 may be less than a diameter of working lumen

410. Furthermore, the diameter of tether lumen 408 may vary. For example, the tether lumen

408 may have a diameter large enough to receive the tether 104, but not large enough to

receive the anchor 102 of the tethering device 100. Alternatively, the tether lumen 408 may

have a diameter large enough to receive the anchor 102 over at least a portion of a length of

the tether lumen 408, e.g., to allow the anchor 102 to be pushed or pulled through the tether

lumen 408. The tether lumen 408 may also have a diameter large enough to receive the

anchor 102 when the anchor 102 is urged into a lower profile configuration such that it can be

received within at least a portion of the tether lumen 408.

[000165] According to some implementations, the tether lumen 408 is independent of

the working lumen 410, and the working lumen 410 runs the entire length of tetherable guide-

sheath 400. In some implementations, the tetherable guide-sheath 400 will have performance

characteristics similar to other sheaths used in carotid access and AIS procedures in terms of

kinkability, radiopacity, column strength, and flexibility. The working lumen 410 may

deliver a working device toward the anchor 102, and the working device may be directed to

the deflecting surface 710 to smoothly exit at an angle to the longitudinal axis of the working



lumen 410. Furthermore, the mouth 508 of the tetherable guide-sheath 400 may be wider

than the internal diameter of the working lumen 410 so as to allow a wide range of exit angles

of a working device exiting the tetherable guide-sheath 400. According to some

implementations, the exiting working device can run almost parallel with the tetherable

guide-sheath 400 to greater than 90 degrees, which severely angulated arteries may require.

Exit angles from the mouth 508 of the tetherable guide-sheath 400 should consider the variety

of angles that the anatomy may require.

[000166] FIG. 15A illustrates a perspective view of an implementation of a tetherable

guide-sheath 400. As with other implementations, the tetherable guide-sheath 400 can

include an elongated body 402 containing one or more lumens extending from a distal end to

a proximal portion. For example, a tether lumen 408 may extend from a tether distal port 504

at a tip 406 of the tetherable guide-sheath 400 to a tether proximal port 414 of the proximal

portion 403. Similarly, a working lumen 410 may extend from a mouth 508 of the tip 406 to

a working proximal port 416 of the proximal portion 403. The tetherable guide-sheath 400

may include a proximal furcation 404 in the proximal portion 403 where a segment of the

tether lumen 408 bifurcates away from a segment of the working lumen 410. More

particularly, the segment of the tether lumen 408 may extend at an angle from the segment of

the working lumen 410 to create a separation between the tether proximal port 414 and the

working proximal port 416. One or more of the tether proximal port 414 or the working

proximal port 416 may incorporate a tether gripper 1502 (see FIGs. 25-27).

[000167] Referring to FIG. 15B, a detailed sectional view taken from Detail B of FIG.

15A, of a distal portion of a tetherable guide-sheath is illustrated in accordance with an

implementation. In an implementation, the tetherable guide-sheath 400 may include a

chamber 515 located proximal to the tether distal port 504 in the tip 406. The chamber 515

may be sized to receive the anchor 102 of the tethering device 100. For example, the tether

distal port 504 may be chamfered, i.e., having a distal port diameter that is larger than a

proximal port diameter, such that the proximal joint 108 of the tethering device 100 moves

smoothly into the tether distal port 504 when the tetherable guide-sheath 400 is advanced

over the anchor 102. The tether distal port 504 may expand slightly to receive the anchor

102. Furthermore, the anchor 102 may be retracted into the chamber 515 to store the anchor

102. Thus, in an implementation, the chamber 515 within the tip 406 of the tetherable guide-

sheath 400 may have a chamber volume that is at least as large as a volume occupied by the

anchor 102 when the anchor 102 is in the unexpanded, lower profile state. The chamber 515



may also have a variable chamber volume as described in more detail below with respect to

FIGs. 17A-17B.

[000168] Referring to FIG. 15C, a detailed sectional view, taken from Detail B of FIG.

15A, of a distal portion of a tetherable guide-sheath is illustrated in accordance with an

implementation. In an implementation, the separation between the working lumen 410 and

the tether lumen 408 proximal to the mouth 508 may have a termination point distal to the

tether gripper and/or the exit port of the tetherable guide-sheath 400. For example, the wall

517 dividing the working lumen 410 and the tether lumen 408, which the ramp 710 makes up

a portion of, may end proximal to the mouth 508. This may allow the anchor 102 to remain

separated from a working device in the working lumen 410 in the distal region of the

tetherable guide-sheath 400. However, separation between the tether 104 and the working

device at a location proximal to the mouth 508 may be less critical, and thus, the separating

barrier or wall 517 may terminate near this region in order to maximize the cross-sectional

area of a proximal portion of the tetherable guide-sheath 400. It will be appreciated that

when there is no separating barrier between the working lumen 410 and the tether lumen 408

the lumens merge into a common lumen 409 and the tether 104 and the working device exit

through a single proximal port, e.g., in the tether gripper 1502. Furthermore, it will be

appreciated that a proximal edge of the separating barrier 517 may include a tapered wall

thickness to ease the distal joint 108 of the working device as it is advanced from the

common lumen 409 into the working lumen 410 and through the mouth 508.

[000169] Referring to FIG. 16A, a sectional view of a tetherable guide-sheath is

illustrated in accordance with an implementation. The available cross-sectional area of the

tetherable guide-sheath 400 may be used to maximize the working lumen 410 and to

minimize the tether lumen 408. For example, the body 402 of the tetherable guide-sheath

400 may surround the working lumen 410 defined by an inner diameter of a working lumen

liner 418, and the tether lumen 408 may be defined by an inner diameter of a tether lumen

liner 420. The lumen liners 418, 420 may be, for example, non-concentric tubes that are

laterally spaced and positioned adjacent to one another. In an implementation, a dimension

of the tether lumen 408 is large enough to allow a slip fit between the tether lumen liner 420

of the tetherable guide-sheath 400 and the runner tube 113 of the tethering device 100. The

dimension, however, may not be large enough to allow a slip fit between the tether lumen

liner 420 and the pusher tube 109 of the tethering device 100. More particularly, the tether

lumen 408 may be configured to advance over the tether 104 only after the pusher tube 109

has been removed. Accordingly, cross-sectional area that would otherwise be required to



receive the runner tube 113 may instead be dedicated to the working lumen 410, and thus, the

working lumen 410 may be maximized within the available cross-sectional area of the

tetherable guide-sheath 400.

[000170] The inner liners can be constructed from a low friction polymer such as PTFE

(polytetrafluoroethylene) 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 liners and can be constructed from materials such as

PEBAX, thermoplastic polyurethane, polyethylene, nylon, or the like. A third layer can be

incorporated that can provide reinforcement between the inner liner and the outer jacket. The

reinforcement layer can prevent flattening or kinking of the inner lumens of the body 402 to

allow unimpeded device navigation through bends in the vasculature as well as aspiration or

reverse flow. The body 402 can be circumferentially reinforced. The reinforcement layer

can be made from metal such as stainless steel, Nitinol, Nitinol braid, helical ribbon, helical

wire, cut stainless 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 reinforcement layer can be a cut hypotube

such as a Nitinol hypotube or cut rigid polymer, or the like. The outer jacket of the body 402

can be formed of increasingly softer materials towards the distal end. For example, proximal

region of the body 402 can be formed of a material such as Nylon, a region of the body 402

distal to the proximal region of the body 402 can have a hardness of 72D whereas areas more

distal can be increasingly more flexible and formed of materials having a hardness of 55D,

45D, 35D extending towards the distal tip 406, which can be formed of a material having a

hardness of 35D, for example. The body 402 can include a hydrophilic coating.

[000171] Referring to FIG. 16B, a sectional view of a tetherable guide-sheath is

illustrated in accordance with an implementation. Dimensions of the tether lumen 408 and a

working lumen 410 of the tetherable guide-sheath 400 may be varied in accordance with the

principle described above. More particularly, although the size of the tetherable guide-sheath

400 may be changed to accommodate a particular anatomy and/or intended working device,

the tether lumen 408 may be sized to receive the runner tube 113 of a corresponding tethering

device 100 in the anchoring delivery system, but may not be large enough to receive the

pusher tube 113 of the corresponding tethering device 100.

[000172] The flexibility of the body 402 can vary over its length, with increasing

flexibility towards the distal portion of the body 402. The variability in flexibility may be

achieved in various ways. For example, the outer jacket may change in durometer and/or



material at various sections. A lower durometer outer jacket material can be used in a distal

section of the guide-sheath compared to other sections of the guide-sheath. Alternately, the

wall thickness of the jacket material may be reduced, and/or the density of the reinforcement

layer may be varied to increase the flexibility. For example, the pitch of the coil or braid may

be stretched out, or the cut pattern in the tubing may be varied to be more flexible.

Alternately, the reinforcement structure or the materials may change over the length of the

elongate body 402. In another implementation, there is a transition section between the

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 elongate body 402. In

this implementation, the distal-most section is about 2 cm to about 5 cm, the transition

section is about 2 cm to about 10 cm and the proximal section takes up the remainder of the

sheath length.

[000173] FIGs. 17A-17B illustrate an implementation of a distal end of a tetherable

guide-sheath 400 including a variable volume chamber 515. As mentioned above, the

ramped deflecting surface 710 can deflect working devices from the working lumen 410 out

through the mouth 508 as the working device exits the guide-sheath 400. The ramped

deflecting surface 710 may be formed from a flexible membrane that is able to move, for

example, toward the mouth 508 or toward an interior of the chamber 515. Thus, the ramp

710 may flex toward the chamber when a working device is being delivered through the

mouth 508 of the working lumen 410. Similarly, after the working device is removed from

the working lumen 410, the ramp 710 may flex toward the mouth 508 to capture the anchor

102 within the chamber 515.

[000174] As mentioned, the tetherable guide-sheath 400 may capture the anchor 102 of

the tethering device 100 in one of the lumens of the tetherable guide-sheath 400. The ramp

710 not only can deflect working devices as the devices exit the tetherable guide-sheath 400,

but also can deflect the anchor 102 of the tethering device 100 as it is withdrawn into the

chamber 515. As an anchor 102 of a tethering device 100 is withdrawn in a proximal

direction through the tether distal port 504 into chamber 515, the anchor 102 can be deflected

from the expanded state towards the unexpanded state as a reaction to a relative lack of

expansion of the tether distal port 504 as compared to the anchor 102 of the tethering device

100 (see FIG. 17A) as the anchor 102 is withdrawn into the tether lumen 408. More

particularly, as described below, the distal tip of the tetherable guide-sheath 400 may be

advanced over the tether 104 to the anchor 102 of the tethering device 100 in the anchoring

vessel, and the design of the anchor 102 may allow the anchor 102 to collapse as the distal tip



of the tetherable guide-sheath 400 swallows the anchor 102 and the anchor 102 is pulled into

the distal tether lumen 708 segment. In some implementations, the tether distal port 504 can

have a large diameter at the tip where the anchor 102 is withdrawn to avoid additional

friction. The retrieval of the anchor 102 of tethering device 100 may therefore be a smooth

interaction having a reduced likelihood that the anchor 102 will catch on the distal tip or

fracture on an edge of the distal tip of the tetherable guide-sheath 400. Traction can be

applied to the tether 104 simultaneously as the tetherable guide-sheath 400 is advanced

forward so that the tethering device 100 causes minimal trauma to the vessel. Once the tip of

the tetherable-guide sheath 400 is advanced over guide tether 104 and reaching the anchor

102 in the ECA, the design of the tethering device 100 can allow the anchor 102 to collapse

as the distal tip of the guide-sheath 400 swallows the anchor 102. In some implementations,

the withdrawal of the anchor 102 can cause expansion of deflecting surface into the working

lumen 410. At the end of the procedure, such reduction in working lumen diameter 410 can

be acceptable. In some implementations, an outer diameter of the tetherable guide-sheath

400 minimally increases with the capture of the anchor 102 of the tethering device 100. For

example, the distal region of the tetherable guide-sheath 400 can have an inner diameter of

about 0.087" to 0.088" and can be enlarged to a diameter of about 0 .100" to 0 .120" although

the size can vary and/or can be flared.

[000175] FIGs. 18-20 illustrate different configurations of an anchoring delivery system

10 having a tethering device 100 and a tetherable guide-sheath 400 configured to receive a

working device 802 therethrough. FIG. 18 shows a tethering device 100 extending through a

tether lumen 408 of a tetherable guide-sheath 400 and a working device 802 extending

through a working lumen 410 of the tetherable guide-sheath 400. The anchoring delivery

system 10 may include a combination of the tethering device 100 and the tetherable guide-

sheath 400. For example, the anchoring delivery system 10 may be manufactured as a kit

including at least the tethering device 100 and the tetherable guide-sheath 400. The kit can

include one or more tethering devices 100 and one or more tetherable guide-sheaths 400,

such as a first tetherable guide-sheath 400 having a first inner diameter and a second

tetherable guide-sheath 400 having a second, larger inner diameter. In some

implementations, the kit can include the tethering device 100 pre-assembled with one or more

of a hypotube positioned over the tether 104 and the anchor 102 in a low profile configuration

within a delivery tool. It should be appreciated that the tethering device 100 can be provided

separately from the tetherable guide-sheath 400 such that it can be used with another

appropriately sized commercial guiding sheath as described elsewhere herein. The different



inner diameters of the tetherable guide-sheaths 400 can be used to receive different outer

diameter working devices 802. In some implementations, the working lumen 410 of a first

tetherable guide-sheath 400 can have an inner diameter that is 6F and the working lumen 410

of a second tetherable guide-sheath 400 can have an inner diameter that is 8F. The 6F has an

inner diameter of 0.071" and the 8F has an inner diameter of 0.088". Thus, the tetherable

guide-sheaths 400 can receive working devices having an outer diameter that is snug to these

dimensions. It should be appreciated that the tetherable guide-sheath 400 can be OTW or

RX, which will be described in more detail below.

[000176] During use, the tethering device 100 may be physically coupled with the

tetherable guide-sheath 400, e.g., by tracking the tetherable guide-sheath 400 over the

tethering device 100 and/or by locking the components together, as described below. When

the tetherable guide-sheath 400 includes a centrally located tether distal port 504 distal to the

mouth 508, the tether 104 of the tethering device 100 may extend distally from the tether

distal port 504 to the deployed anchor 102 along the longitudinal axis passing through the

body 402 of the tetherable guide-sheath 400. Furthermore, the anchoring delivery system 10

can include a working device 802, which may be packaged as part of the same kit or provided

separately as its own kit, to be delivered to a target anatomy. During use, the working device

802 can be tracked through the tetherable guide-sheath 400 to exit the tetherable guide-sheath

400 through the mouth 508, the mouth 508 optionally located between the radiopaque

markers 510, into the target anatomy. The target anatomy can bifurcate away from the

anchoring anatomy. It should be appreciated that the anchoring delivery system 10 shown in

FIG. 18 can include any of a variety of tethering devices described herein including a

tethering device 100 incorporating an anchor 102 configured to take on a higher profile

configuration.

[000177] Referring to FIG. 19, a distal end of an anchoring delivery system having a

tethering device 100 in a tether lumen 408 of a tetherable guide-sheath 400 and a working

device 802 in a working lumen 410 of the tetherable guide-sheath 400 is illustrated in

accordance with an implementation. The tethering device 100 can include an anchor 102

configured to be released from constraint and expanded in the anchoring anatomy at a

location distal to the tetherable guide-sheath 400. More particularly, the tether 104 can

extend proximally from the deployed anchor 102 through the tether distal port 504 and within

the tether lumen 408 to an exit port in the tetherable guide-sheath 400. Similarly, the

working device 802 being delivered to the target anatomy can pass through the working port

506 and the working lumen 410 to a proximal exit point, e.g., at the proximal furcation 404.



As shown, when the tether distal port 504 and the working port 506 are formed in a distal

face 502 of the body 402, the tether 104 and the working device 802 can exit the tetherable

guide-sheath 400 generally parallel to each other. The components may, however, diverge

along different paths. For example, the tether 104 may extend distally into the anchoring

anatomy and the working device 802 may extend distally into the target anatomy, which may

bifurcate away from the anchoring anatomy. It should be appreciated that the anchoring

delivery system shown in FIG. 19 can include any of a variety of tethering devices described

herein including a tethering device incorporating an anchor configured to take on a higher

profile configuration.

[000178] Referring to FIG. 20, a distal end of an anchoring delivery system having a

tethering device 100 and a working device 802 in a same lumen of a tetherable guide-sheath

400 is illustrated in accordance with an implementation. When the tetherable guide-sheath

400 includes a working port 506 in the distal face 502 of the body 402 and one or more tether

entry ports 504 in the side surface of the body 402, the tethering device 100 may extend

laterally through the tether entry ports 504 into the anchoring anatomy and the working

device 802 to be delivered to the target anatomy can extend distally from the distal face 502

along a longitudinal axis of the body 402. As described above, depending upon the tether

distal port 504 through which the tether 104 is inserted, a different length of the tetherable

guide-sheath 400 may be tracked into the target anatomy. For example, a segment of the

tetherable guide-sheath 400 distal to the tether distal port 504 holding the tether 104 may be

advanced into the target anatomy that bifurcates from the anchoring anatomy. Accordingly,

the tether 104 and the segment of the tetherable guide-sheath 400 distal to the utilized tether

distal port 504 may be pressed against the carina at which the anchoring anatomy and the

target anatomy bifurcate. It should be appreciated that the anchoring delivery system shown

in FIG. 20 can include any of a variety of tethering devices described herein including a

tethering device incorporating an anchor configured to take on a higher profile configuration.

[000179] As shown in FIG. 20, tetherable guide-sheath 400 can include a single lumen

in which at least one elongated structure can be received. For example, the tether lumen 408

and the working lumen 410 can be a same lumen running longitudinally through tetherable

guide-sheath 400 from proximal furcation 404 to tether distal port 504 and working port 506.

Thus, the tether 104 may enter a same lumen of tetherable guide-sheath 400 through the

tether distal port 504 as the working device 802 enters through the working port 506, rather

than being received by separate lumens of tetherable guide-sheath 400. Thus, working port

506 shown in FIG. 20 can also be the tether distal port 504.



[000180] According to some implementations, the length of the tetherable guide-sheath

400 is long enough to access the target anatomy and exit the arterial access site with extra

length outside of a patient's body for adjustments. For example, the tetherable guide-sheath

400 can be long enough to access the petrous ICA from the femoral artery such that an extra

length is still available for adjustment. The tetherable guide-sheath 400 can be a variety of

sizes to accept various working devices 802 and can be accommodated to the operator's

preference. For example, current MAT and SMAT techniques describe delivering aspiration

catheters having inside diameters of 0.071-0.072 inches to an embolus during AIS.

Accordingly, the working lumen 410 of the tetherable guide-sheath 400 can be configured to

receive such aspiration catheters as the working device 802. It should be appreciated that the

guide-sheaths described herein can be sized to receive other types of working devices besides

aspiration catheters, such as stent delivery catheters. For example, the working lumen 410

can have an inner diameter of at least 6 French, or preferably at least 6.3 French to

accommodate such working devices 802. The inner diameter of the tetherable guide-sheath

400, however, may be smaller or larger. In some implementations, the working lumen 410

can have an inner diameter of 7 French or 8 French to accommodate even larger working

devices 802. In some implementations, the working lumen 410 can having inner diameter of

0.088" or 0.071" and thus, are configured to receive a working device 802 having an outer

diameter that fits snug with these dimensions. Regardless of the length and inner diameter,

the tetherable guide-sheath 400 is resistant to kinking during distal advancement through the

vasculature.

[000181] Referring to FIG. 21, a perspective view of a tetherable guide-sheath is

illustrated in accordance with an implementation. The tetherable guide-sheath 400 can be a

rapid exchange (RX) type device. Accordingly, the tetherable guide-sheath 400 can include a

hypotube 1102 extending distally from a connector 1104 at a proximal end 403. The

hypotube 1102 can be coupled with the body 402 of the tetherable guide-sheath 400 at a joint

between the connector 1104 and the tip 406. Furthermore, an exit port 1106 can be

positioned distal from the joint. The exit port 1106 can connect with the tether lumen 408 in

the body 402. Furthermore, the connector 1104 can connect with the working lumen 410 in

the body 402.

[000182] Referring to FIG. 22, a sectional view, taken about line B-B of FIG. 20, of a

tetherable guide-sheath is illustrated in accordance with an implementation. The body 402 of

the tetherable guide-sheath 400 can include one or more lumens extending longitudinally

toward the tip 406. For example, the body 402 can include the tether lumen 408 to receive



the tether 104 of the tethering device 100. Furthermore, the body 402 can include the

working lumen 410 to receive the working device 802 to be delivered through tetherable

guide-sheath 400 to a target anatomy. The lumens 408, 410 can be sized to receive their

respective working devices in a sliding fit. For example, the tether 104 can have an outer

diameter of 0.014 inch and the tether lumen 408 can have an inner diameter in a range of

0.015-0.020 inch sufficient to receive the outer diameter of the tether 104. Similarly, the

tether 104 can have an outer diameter of 0.035 inch and the tether lumen 408 can have an

inner diameter in a range of 0.036-0.041 inch. The working lumen 410 may be similarly

sized according to the working device 802 that will be delivered through it to the target

anatomy.

[000183] Referring to FIG. 23, a sectional view, taken about line C-C of FIG. 20, of a

tetherable guide-sheath is illustrated in accordance with an implementation. When tetherable

guide-sheath 400 is an RX-type working device, the hypotube 1102 may have an inner

diameter that is at least as large as the working lumen 410 in the body 402. For example, the

working lumen 410 in the hypotube 1102 may have a diameter that is at least 0.001 inch

larger than any working device 802 that it is intended to receive.

[000184] Referring to FIG. 24, a sectional view of a proximal end of the tether lumen of

a tetherable guide-sheath is illustrated in accordance with an implementation. When the

tetherable guide-sheath 400 is an RX type device, the tether 104 of the tethering device 100

can exit the exit port 1106 in the body 402 distal to the hypotube 1102, which contains the

working lumen 410 of the tetherable guide-sheath 400. Accordingly, the exit port 1106 may

be considered to be the proximal furcation 404 in the tetherable guide-sheath 400, as it

represents a location where the tether 104 and the working device 802 diverge from each

other at a proximal location in the system. In practice, the exit port 1106 can be located

within the patient, and thus, the tether 104 and the hypotube 1102 can emerge from the access

site in a side-by-side manner. The tether lumen 408 and the working lumen 410 can extend

along respective longitudinal axes that are parallel to each other near the exit port 1106.

However, like the mouth 508 of the tetherable guide-sheath 400, the tether lumen 408 may be

directed toward the exit port 1106 formed in the side surface of the body 402 such that the

tether 104 exits the body 402 at an angle to the longitudinal axis of the tether lumen 408.

This exit angle may be controlled by a radius used to form the exit port 1106.

[000185] As mentioned above, the anchoring delivery systems described herein can

include a tether gripper 1502 to fasten the tether 104 of the tethering device 100 to the

tetherable guide-sheath 400. FIG. 25 shows a tether gripper 1502 in accordance with an



implementation. More particularly, one or more of the tethering device 100 or the tetherable

guide-sheath 400 can include the tether gnpper 1502 at a point of fixation between the

components to attach the tetherable guide-sheath 400 to the tether 104 of the tethering device

100. Thus, the tetherable guide-sheath 400 can be reversibly attachable to the tether 104 at

the point of fixation, which can be located proximal to the anchoring site at which the anchor

102 of the tethering device 100 is deployed within the anchoring anatomy. Accordingly,

when the anchor 102 is deployed at the anchoring site and the tetherable guide-sheath 400 is

attached to the tether 104 at the point of fixation, any proximal loading applied to the

tetherable guide-sheath 400 distal to the fixation point can tension the tether 104 between the

anchoring site and the point of fixation. Furthermore, this tension can have a straightening

effect on the tetherable guide-sheath 400 to increase the column strength of the tetherable

guide-sheath 400 and buttress the tetherable guide-sheath 400 against buckling or prolapse.

Proximal loading on the tetherable guide-sheath 400 may result from, e.g., delivery or

advancement of the working device 802 through the working lumen 410 of the tetherable

guide-sheath 400 toward the target anatomy. Thus, the support provided by fixing the tether

104 to the tetherable guide-sheath 400 in combination with anchoring within the anatomy by

the anchor 102 can prevent buckling of the tetherable guide-sheath 400 during working

device 802 delivery, which can improve the ease and success of any interventional procedure

performed through the tetherable guide-sheath 300.

[000186] In an implementation, the tether gripper 1502 is incorporated in the tetherable

guide-sheath 400. One or both of the tether proximal port 414 or the working proximal port

416 can incorporate a tether gripper 1502. The tether gripper 1502 can include a clamping or

clipping mechanism, such as a cleat, clamp, clip, etc., to fix the respective proximal port to a

separate device passing through the port. The tether gripper 1502 can also include tape or

suture to fix the respective proximal port to a separate device passing through the port. By

way of example, the tether proximal port 414 can include an RHV capable of being tightened

onto the runner tube 113 of the tethering device 100 when the runner tube 113 extends

through the tether lumen 408 of the tetherable guide-sheath 400. As such, a fixation point

may be formed between the tethering device 100 and the tetherable guide-sheath 400 at the

tether gripper 1502 at some point proximal to the tether distal port 504. Again with respect to

FIG. 25, the tether gripper 1502 can include a fixation mechanism having a gripper body

1504 that includes the tether lumen 408 and a cap 1506 that screws onto the gripper body

1504 via fastening threads 1508. Furthermore, the tether gripper 1502 can include one or

more seals 1510 that surround the tether 104 when it is passed through the gripper body 1504,



and thus, prevents fluid leakage through the tether gripper 1502. It will be appreciated that

the seal 1510 is illustrated here without a backing surface, but in an implementation, the

tether gripper 1502 can be designed such that the seal 1510 is squeezed when the cap 1506 is

screwed onto the gripper body 1504. The seal 1510 can squeeze the tether 104 with enough

force to fasten the tether 104 within the tether gripper 1502. In an implementation, the tether

gripper 1502 can include a rotating hemostatic valve (RHV) that is configured to fix the

tether 104 to the tetherable guide-sheath 400 without additional clamping features. For

example, the RHV can be connected to the proximal furcation 404 and can be actuated to

compress the seal 1510 that grips the tether 104.

[000187] In an implementation, the tether gripper 1502 can incorporate

additional clamping features to grip the tether 104. For example, a collet 1512 component

can be incorporated in the tether gripper 1502 such that the tether 104 passes through a

central opening of the collet 1512 between the collet 1512 teeth. When the cap 1506 is

screwed onto the gripper body 1504, a taper 1514 in the cap 1506 can press against the collet

1512 teeth forcing them against the tether 104. Accordingly, the tether 104 can be gripped

with greater force than can be achieved using, e.g., an elastomeric seal 1510, and the tether

gripper 1502 of the tetherable guide-sheath 400 can be used to fix the tetherable guide-sheath

400 to the tether 104.

[000188] FIG. 26 shows a further implementation of a tether gripper of a tetherable

guide-sheath. The tether gripper 1502 of the tetherable guide-sheath 400 can be incorporated

in the proximal furcation 404 of the tetherable guide-sheath 400. For example, the proximal

furcation 404 can include a gripping feature to clamp the tether 104. For example, the tether

gripper 1502 can include a slot 1516 formed through a sidewall of the proximal furcation 404

such that the tether 104 can be pulled laterally outward through the proximal furcation 404.

Furthermore, by pulling the tether 104 out and upward through the slot 1516 with sufficient

force, the tether 104 can be wedged toward a distal portion of the slot 1516. Accordingly, the

tether gripper 1502 can pinch the tether 104 and prevent movement between the tether 104

and the tether gripper 1502. More particularly, the tether gripper 1502 can fix the tether 104

to the tetherable guide-sheath 400.

[000189] In the tether gripper 1502 implementations described above with respect to

FIGS. 25-26, the tether lumen 408 may extend from the tether distal port 504 at the tip 406 of

the tetherable guide-sheath 400 to the tether gripper 1502 connected to or incorporated in the

tetherable guide-sheath 400.



[000190] As described above, the tetherable guide-sheath 400 can also be an RX type

device such that the tether 104 can exit the tetherable guide-sheath 400 through the exit port

1106 within the patient anatomy as shown in FIG. 2 1. Thus, the exit port 1106 may not be

reachable to fix the tether 104 to the tetherable guide-sheath 400 at the exit port 1106. FIG.

27 shows an implementation of a tether gripper 1502 of a tethering device 100 for use with an

RX type guide-sheath. The tether 104 can be attached to the tetherable guide-sheath 400

proximal to the exit port 1106, e.g., using a clamp, clip, etc., to fasten the tether 104 to the

body 402 of the tetherable guide-sheath 400. The distance between the fixation point and the

exit port 1106 in such a case, however, may allow the tether 104 to bend relative to the

tetherable guide-sheath 400 such that the tetherable guide-sheath 400 is not adequately

buttressed against buckling. Accordingly, the tether gripper 1502 can be incorporated in the

tether 104 to fix the tether 104 to the tetherable guide-sheath 400 within the tether lumen 408.

For example, the tether gripper 1502 can be integrated in the tether 104 at a location distal to

the exit port 1106. In an implementation, the tether gripper 1502 can include an expandable

structure 1518 that can expand radially within the tether lumen 408 to press against an inner

surface of the tether lumen 408 and lock the tether 104 to the tetherable guide-sheath 400

from moving slideably within the lumen 408. The expandable structure 1518 can be a self-

expanding structure that is captured by a thin tubular sheath disposed over a proximal

segment of the tether 104. More particularly, the thin tubular sheath can be retracted to

expose the expandable structure 1518 and allow it to expand against the tether lumen 408

surface to lock the tether 104 to the tetherable guide-sheath 400. Furthermore, the thin

tubular sheath can be advanced to capture the expandable structure 1518 and allow the

tetherable guide-sheath 400 to be tracked over the tether 104 again.

[000191] The expandable structure 1518 of the tether gripper 1502 can be an

inflatable member, such as a balloon, that is not self-expandable so-to-speak. More

particularly, the tether 104 can have a tubular structure along a proximal segment. The

tubular structure can have a proximal end 106 in fluid communication with the tether gripper

1502. The tether gripper 1502 can be connected to a syringe for inserting an inflation fluid

into the tubular structure. Thus, the inflation fluid can be delivered into an inner volume of

the expandable structure 1518 located at a distal joint of the tubular structure, causing the

balloon to be inflated to press against the tether lumen 408 surface. The tubular structure can

have a distal joint connected with a proximal end of a core wire. More particularly, the tether

104 can include a distal segment having a core wire extending from the distal joint of the

tubular structure to the anchor 102. Accordingly, the tethering device 100 can include an



anchor 102 at a distal joint 108, a core wire portion of the tether 104 extending proximally

from the anchor 102, and a tether gripper 1502 portion extending proximally from the core

wire portion. The tether gripper 1502 implementations described above are not intended to

be limiting, but rather, illustrate that the tether gripper 1502 can be incorporated in one or

both of the tethering device 100 or the tetherable guide-sheath 400 to fix the components of

the anchoring delivery system 10 to each other during use.

[000192] Methods of Using an Anchoring Delivery System to Deploy a Working

Device

[000193] As described above, advancement of a working tool such as a stent delivery

system over a guidewire through an access sheath can create back and forth motion

exacerbated by a laxity present in typical sheath systems. Upon meeting resistance, the stent

delivery system can create tension that forces the entire delivery system downward (e.g. into

the aorta) and laterally (e.g. against the vessel wall). Depending on the size of the vessel,

there may be a greater or lesser effect than the prolapse or buckling into the aorta. The

anchoring delivery systems described herein can address many of the issues that standard

neurovascular delivery systems can create.

[000194] Referring to FIG. 28, a method of using an anchoring delivery system to

deliver a working device that is an implant delivery system is illustrated in accordance with

an implementation. FIGs. 29A-29F illustrate operations of the method illustrated in FIG. 28.

Accordingly, FIGs. 28-29 are described in combination below. It should be appreciated that

the implant delivery system can vary and includes a standard neurovascular delivery system

having a flow diverter or a stent implant.

[000195] An arterial access device 1902, such as a standard transfemoral sheath, can be

inserted into an arterial access point such as the femoral artery. Referring to FIG. 29A, the

arterial access device 1902 is shown inserted via a percutaneous puncture into the common

femoral artery (CFA), such as near the groin. In alternate implementations, other access

points can be used such as radial artery access, brachial artery access, transcervical or

transcarotid access to the CCA or proximal internal carotid artery (ICA), or any other access

point. In some implementations, arterial access device 1902 has an inside diameter range of

3 to 10 French. For example, the transfemoral sheath illustrated in FIG. 2 1A can be a

standard 7 French sheath size.

[000196] After inserting the arterial access device 1902, a finder tool set, which can

include a guidewire (not shown), a microcatheter 1910, and/or a finder catheter 1908, can be

inserted individually or in combination into the transfemoral sheath and advanced to an



anchoring vessel 1904, e.g., an ECA, ICA, CCA, etc. For example, a guidewire can be

advanced to the distal ECA, ipsilateral to a target vessel 1906, which may be the ICA, using

conventional techniques known to persons having ordinary skill in the art. For example, the

guidewire can be preloaded into a finder catheter 1908 and advanced to the aortic arch (AA).

In some implementations, the finder catheter 1908 includes a hook-shaped distal section, such

as in the case of a Vertebral, Hockey Stick, VTK shape, or L V A pre-shaped catheter or the

like. A distal end of the finder catheter 1908 can be manipulated and positioned at the

brachiocephalic artery or right CCA. The guidewire can then be pushed up as far as possible

to the anchoring vessel 1904, e.g., the distal ipsilateral ECA. A microcatheter 1910 can be

advanced over the guidewire. Optionally, the finder catheter 1908 can be advanced over the

guidewire and the microcatheter 1910 to an anchoring site of the anchoring vessel 1904, e.g.,

the ECA distal to a takeoff of the target vessel 1906.

[000197] At operation 1802, the tethering device 100 can be delivered to the anchoring

vessel 1904. For example, still referring to FIG. 29A, the guidewire can be removed from the

microcatheter 1910 and the tethering device 100 can be inserted into and advanced through a

lumen of the microcatheter 1910 and the finder catheter 1908 until the anchor 102 is near the

anchoring vessel 1904. As described above, the tethering device 100 can include an anchor

102, such as an expandable element that can anchor and/or fix into an artery with or without

scaffolding the artery, and the anchor 102 can be connected to the tether 104, which includes

an elongated member. The anchor 102 is not shown in FIG. 29A, since it is hidden within a

distal region of the microcatheter 1910 placed in the anchoring vessel 1904. Thus, delivery

of the tethering device 100 to the anchoring vessel 1904 can include advancement of the

anchor 102 connected to the distal end of the tether 104 through the vasculature, and not

necessarily deployment of the anchor 102 from the unexpanded state to the expanded state.

Depending on the implementation, the tethering device 100 can include a pusher tube, such as

a hypotube, extending over the tether 104 such that a distal end of the pusher tube is

positioned adjacent a proximal end of the anchor 102, such as an anchor shown in FIGs. 5H-

5K. The pusher tube can provide "pushability" to an otherwise floppy tether 104 such that

the anchor 102 can be advanced through the microcatheter 1910 positioned within the vessel.

A distal end of the pusher tube 109 can abut against the anchor 102 and urge it forward

through a lumen of the microcatheter 1910. The tethering device 100 and the pusher tube

109 can be preloaded or otherwise assembled with a delivery tool configured to maintain the

anchor 102 in a low profile configuration such that the anchor 102 can be inserted into a



proximal end of the microcatheter 1910 and advanced to the distal anchoring vessel 1904

through the microcatheter 1910 lumen.

[000198] At operation 1804, the anchor 102 of the tethering device 100 can be deployed

in the anchoring vessel 1904. Referring to FIG. 29B, the microcatheter 1910 can be retracted

over the tethering device 100 to unsleeve and expose the anchor 102 of the tethering device

100. In the case of a self-expanding anchor 102 structure (see, e.g., FIG. 2B or 5J), the

anchor 102 of the tethering device 100 can automatically deploy into the anchoring vessel

1904. Alternatively, in the case of an inflatable anchor 102 structure (see, e.g., FIG. 2C), the

anchor 102 can be manipulated to deploy into the anchoring vessel 1904. More particularly,

the anchor 102 can transition from the low profile, unexpanded state to the higher profile,

expanded state to contact and anchor 102 at an anchoring site within the anchoring vessel

1904, e.g., distal to an entrance of the target vessel 1906.

[000199] Referring to FIG. 29C, the microcatheter 1910 and/or the finder catheter 1908

can be removed through the arterial access device 1902 such that the tethering device 100 is

anchored within the anchoring vessel 1904 and a proximal end of the tether 104 extends from

the distal joint 108 through the arterial access device 1902. In some implementations,

deployment of the anchor 102 and/or the deployed anchor 102 of the tethering device 100,

e.g., expansion of a cage structure or inflation of a balloon anchor, or release of a wire device,

may cause endothelial injury. Accordingly, application of tension to the tether 104 when the

anchor 102 is deployed may create shear stress on the vascular tissue and/or distortion of the

vascular anatomy at a location of the anchor deployment. However, minor vascular trauma in

the anchoring vessel 1904 may be an acceptable tradeoff to get a supportive system in place

when an aneurysm at risk for rupture or a stroke-inducing embolism or stenosis is the clinical

indication for the target vessel 1906. It is also comprehended that the anchoring delivery

system presented herein may also be used where the clinical syndrome is severe and the

"cost" of trauma at an endothelial cell layer level in the anchoring vessel 1904 is acceptable

in the judgment of the operator to achieve a desired outcome in the target vessel 1906. The

anchoring delivery system may also be used for cases with or without aneurysm or stenosis

where intracerebral access is needed, as compared to current transfemoral systems that

simply do not allow such access.

[000200] At operation 1806, the tetherable guide-sheath 400 may be advanced over the

tether 104 of the tethering device 100 to position the mouth 508 of the tetherable guide-

sheath 400 near the entrance of the target vessel 1906. The tether 104 can include a length

extending outside the patient. Referring to FIG. 29D, the proximal end 106 of the tether 104



(extending outside the patient) can be inserted into the tether distal port 504 of the tetherable

guide-sheath 400 at a distal end of the tether lumen 408. Thus, the tether 104 can be received

in the tether lumen 408. The length of the tether 104 extending outside the patient can be

advanced through the tether lumen 408 until the proximal end of the tether 104 is once again

available outside the proximal end of the sheath 400, for example by extending from the

tether lumen 408 through the tether proximal port 414. Although the tether 104 is generally

not pushable up through the vasculature without a pusher tube or some kind of delivery

component, the tether 104 can have enough heft that it can be pushed through the tether

lumen 408 of the sheath 400. Once the tether 104 extends out the tether proximal port of the

sheath 400, the tetherable guide-sheath 400 can be advanced into the patient over the tether

104. The tethering device 100 between the anchor 102 and the proximal end of the tether 104

can be made taut such that the tether 104 of the tethering device 100 can function like a rail

for advancing the tetherable guide-sheath 400 up the tether 104 until the working port 506,

e.g., the mouth 508, of the tetherable guide-sheath 400 is positioned at the entrance to the

target vessel 1906. The entrance to the target vessel 1906 can be, for example, a carotid

bifurcation, and thus, the mouth 508 may provide access to the ICA. Thus, the tetherable

guide-sheath 400 can be positioned to deliver a working device 802 toward the target vessel

1906 through the working lumen 410 in the proximal furcation 404 while the tether 104 of

the tethering device 100 exits the tetherable guide-sheath 400 through the tether lumen 408 in

the proximal furcation 404.

[000201] The tether 104 can provide the route for the tetherable guide-sheath 400, and

the tether 104 can extend the length of the vascular path and exit near a distal end of the

tetherable guide-sheath 400, e.g., through the tip 406 or a side of the tetherable guide-sheath

400 near the tip 406, leaving the working lumen 410 of the tetherable guide-sheath 400

available for petrous access. The length of the tether 104 can vary depending on the type of

the tetherable guide-sheath 400. More particularly, the tetherable guide-sheath 400 can be an

over-the-wire (OTW) type device, having an exit port at a proximal end, or a rapid exchange

(RX) type device, having the exit port 1106 at a medial location between ends. Thus, in the

case of an OTW tetherable guide-sheath 400, the tether 104 runs within the tether lumen 408

extending the length of the tetherable guide-sheath 400. Alternatively, in the case of the RX

tetherable guide-sheath 400, the tether 104 runs within the tether lumen 408 extending from

the tip 406 of the tetherable guide-sheath 400 to an exit port 1106 where the tether lumen 408

terminates on the outside of the tetherable guide-sheath 400. Since the length of the tether

lumen 408, which receive the tether 104, can be shorter in an RX type than in an OTW type



of tetherable guide-sheath 400, the length of the tether 104 of the anchoring delivery system

may vary. In some implementations, an extension member having an elongated body and a

distal end configured to couple with a proximal end 106 of the tether 104 can be attached and

detached from the tether 104 to allow for the exchange of one type of tetherable guide-sheath

400, e.g., an RX type, for another type of tetherable guide-sheath 400, e.g., an OTW type,

while maintaining the position of the tethering device 100 in the target anatomy.

[000202] Referring to FIG. 29D, advancing the tetherable guide-sheath 400 over the

tether 104 of the tethering device 100 can advance the tip 406 of the tetherable guide-sheath

400 through the entrance of the target vessel 1906 into the target vessel 1906. The tetherable

guide-sheath 400 can have a stump tip. More particularly, the working port 506 can be distal

to one or more tether entry ports 504 (see, e.g., FIGS. 12A and 13). The tether 104 of the

tethering device 100 can be inserted through a tether distal port 504 on the side of the

tetherable guide-sheath 400 proximal to the tip 406. For example, the tether 104 can be

inserted into a tether distal port 504 near the tip 406 such that the portion of tetherable guide-

sheath 400 distal to the utilized tether distal port 504 is short enough to be able to be

advanced up the tether 104 of tethering device 100 through the arteries as well as long

enough such that the keel-shaped intersection of the tetherable guide-sheath 400 and the

tether 104 of the tethering device 100 exerts enough force to fix the tetherable guide-sheath

400 against the carina of the anchoring vessel/target vessel bifurcation.

[000203] In another implementation, the tether 104 of the tethering device 100 is

inserted into the tether distal port 504 spaced further proximally away from the working port

506 at the tip 406. Thus, a longer portion of the tetherable guide-sheath 400 can extend into

the target vessel 1906 than is shown in FIG. 29D. The length of the long tip can vary

depending on which tether distal port 504 the tether 104 of tethering device 100 is inserted

into. That is, when the tether 104 is inserted into a more proximal tether distal port 504, then

the distance between the utilized tether distal port 504 and the tip 406 of the tetherable guide-

sheath 400 may be longer. In various implementations, the at least one tether distal port 504

is adjacent to one or more radiopaque markers 510 (e.g., a pair of radiopaque markers 510

may flank the utilized tether distal port 504) to indicate the location of the tether distal port

504 under fluoroscopy.

[000204] At operation 1808, the tetherable guide-sheath 400 can be attached to the

tether 104 of the tethering device 100. Referring to FIG. 29E, the tether 104 can be fixed to

the tetherable guide-sheath 400 at a point of fixation 1912 proximal to the entrance of the

target vessel 1906. The tether 104 and the tetherable guide-sheath 400 can be fixed or locked



into position relative to each other after the tetherable guide-sheath 400 is positioned at a

carotid bifurcation with the mouth 508 providing access to the ICA, creating a tension in the

tether 104 between the anchor 102 anchored in the target vessel 1904 distal to the target

vessel 1906 takeoff and the tetherable guide-sheath 400 near the arterial access site. The

tether 104 can be affixed to an outer surface or an inner surface of the tetherable guide-sheath

400 at the point of fixation 1912. The point of fixation 1912 can be outside of the patient

anatomy, or in an implementation, the point of fixation 1912 can be within the patient

anatomy, as may be the case when the tetherable guide-sheath 400 is an RX type device and

the tether gripper 1502 is incorporated along the tethering device 100 (FIG. 19). The

connection between the tetherable guide-sheath 400 and the tether 104 can be achieved using

any of the fixation mechanisms described above, e.g., by the tether grippers 1502 described

with respect to FIGS. 25-27. Such implementations, however, are illustrative and not

limiting. For example, the tether 104 of the tethering device 100 can be attached to the

tetherable guide-sheath 400 using conventional securement techniques such as by clamping,

taping, or otherwise securing the tether 104 to the tetherable guide-sheath 400.

[000205] In an implementation, the tether 104 and the tetherable guide-sheath 400 are

fixed by a clamp. For example, the clamp can be secured to a tab on the outside of the

tetherable guide-sheath 400 or by other means of fixation. In alternative implementations,

the tether 104 and the tetherable guide-sheath 400 are fixed by a hemostat, mosquito, suture,

by application of a clear dressing or tape (e.g., Tegaderm™ or Opsite™), by a wire grasping

element, by a closed RHV, or similar means of fixation. In additional various

implementations, a non-clamping fixation technology can be used to avoid kink development

of a mechanical fixation. For example, the tether 104 and the tetherable guide-sheath 400 can

be fixed magnetically as described elsewhere herein. In addition, the tether 104 can be fixed

within a lumen of tetherable guide-sheath 400 closer to the distal tip of tetherable guide-

sheath 400 using a small interlocking detent within the tetherable guide-sheath 400. In an

implementation, the tether gripper 1502 includes a balloon that is inflated within the

tetherable guide-sheath 400 to pin the tether 104 within the tether lumen 408 and lock the

relationship of the tether 104 to the tetherable guide-sheath 400. In some implementations,

the tether 104 can be designed with at least one protrusion, e.g., a bulge formed around the

tether 104 that engages with the tether lumen 408 of the tetherable guide-sheath 400. The

bulge can be configured to engage the tether lumen 408 when stationary and can deflate when

pushed forward. In an implementation, the tether 104 will not stretch, or may only minimally

stretch, when pulled on.



[000206] At operation 1810, a working device 802 can be advanced through a working

lumen 410 of the tetherable guide-sheath 400 toward the target anatomy. After the tetherable

guide-sheath 400 is delivered to the anchoring vessel/target vessel junction, e.g., the

ECA/ICA bifurcation, angiography can be performed through the tetherable guide-sheath 400

to allow full opacification of the cerebral vasculature. Referring to FIG. 29F, the operator

can then deliver the working device 802 into the entrance of the target vessel 1906 and

proceed with a preferred approach to the treatment site aided by the anchoring provided by

the fixed tethering device 100 and tetherable guide-sheath 400, i.e., the anchoring delivery

system. The support provided by the anchoring delivery system 10 can allow some

approaches to be performed when they otherwise could not have been possible because of

tortuous anatomy either at the great vessels and/or at the intracranial vasculature that tend to

result in kinking and prolapse of typical sheaths as the working device is advanced distally.

Moreover, the additional guide support can allow procedures to be completed more quickly,

consistently and simply than routine interventional approaches and with greater precision and

accuracy.

[000207] For example, using an approach to treat a target site that is an aneurysm or

stenosis at the M l segment (one in a main stem of middle cerebral artery), the working

device 802 can be an implant delivery system delivered through the working lumen 410 of

the tetherable guide-sheath 400 to a target site 1914 in the target vessel 1906. Delivery can

be facilitated by the anchoring of the tethering device 100 and tethering of the tetherable

guide-sheath 400, which tensions the tether 104 between the anchoring site and the point of

fixation 1912 as the working device 802 advances through the mouth 508 into the distal

target vessel 1906. Accordingly, commercially available 6 French intracranial catheter

families which have up to 0.072 inch inner diameters for maximum diameter and stent

delivery capability would be compatible with a 7 or 8 French tetherable guide-sheath 400.

[000208] In various implementations, once the working device 802, e.g., a stent delivery

system, exits the mouth 508 of tetherable guide-sheath 400 and is in the ICA, the fixation of

the tether 104 to the tetherable guide-sheath 400 can be relaxed. The carina formed between

the working device 802 and the tetherable guide-sheath 400 can be advanced against the

carina of the anchoring vessel/target vessel junction, e.g., the carotid bifurcation, to provide

an additional point of securement at the bifurcation. This carina-to-carina cinching between

the device junction and the anatomical junction can reestablish the fixation of the tethering

device 100 and the tetherable guide-sheath 400, eliminating the possibility of both upward

motion of the system and downward buckling or prolapsing of the tetherable guide-sheath



400 within the CCA or brachiocephalic artery. If a subsequent device, e.g., a balloon

angioplasty device or another tethering device 100, is advanced out of the working device

802, a reaction force can be created when that device meets resistance. The reaction force

can act on the working device 802 and may press against the tetherable guide-sheath 400. In

the present system, however, the force should not reach the area of the aortic arch where

prolapse is typical in standard systems because of the anchoring of the tethering device 100

and the fixation of the tether 104 to the tetherable guide-sheath 400 as well as the carina-to-

carina cinching. The opposite reaction force can be counteracted. For example, when a stent

delivery catheter is actuated to release the stent at the target location the pull can cause the

tetherable guide-sheath 400 to ride upward in the vessel. The carina-to-carina cinching can

prevent this upward motion. In essence, the tetherable guide-sheath 400 is locked into its

relative position in the vasculature and provides a fulcrum for advancing subsequent devices,

e.g., catheter systems and interventional devices, into the distal vessels of the

neurovasculature.

[000209] In an implementation, after the target site 1914 has been successfully treated,

e.g., by installing a stent, flow diverter, or stent-assisted coil, all wires, retrievable structures,

and catheters can be removed from the tetherable guide-sheath 400, leaving the anchoring

delivery system (the tethering device 100 and the tetherable guide-sheath 400). The fixation

between the tethering device 100 and the tetherable guide-sheath 400 can be removed. For

example, the tether 104 can be disengaged from the tether gripper 1502. Thus, the tetherable

guide-sheath 400 can be advanced over the tether 104 to the anchor 102 deployed in the

anchoring vessel 1904, e.g., the ECA. In some implementations, traction on the tether 104

can be applied to keep the tethering device 100 in position and to minimize trauma to the

vessel as the tetherable guide-sheath 400 is advanced. The tetherable guide-sheath 400 can

be advanced over the tether 104 to capture the anchor 102. That is, the tetherable guide-

sheath 400 can be advanced to capture the anchor 102 within the tether lumen 408.

Accordingly, the anchor 102 can be collapsed towards its lower profile configuration and the

anchor 102 can be disengaged from the anchoring vessel 1904. The anchoring delivery

system can then be retracted from the patient anatomy through the arterial access by

removing tetherable guide-sheath 400 and the captured anchor 102 from the target anatomy.

In an implementation, the tetherable guide-sheath 400 can be removed from the patient,

leaving the deployed tethering device 100 in place, and a separate catheter, e.g., a

microcatheter, can be advanced over the tether 104 to capture the anchor 102 and retrieve the

tethering device 100 from the patient.



[000210] The method described with respect to FIG. 28 is illustrative, and one skilled in

the art may extrapolate from this description other methods of using the anchoring delivery

system to effectively deliver working device(s) to distal regions of tortuous and complex

anatomies. Several such methods are described in the implementations below.

[000211] Referring to FIG. 31A, preparation of a patient may be similar to that

described above. For example, an arterial access device 1902, such as a standard

transfemoral sheath, can be inserted into an arterial access point such as the femoral artery.

At operation 2002, a guidewire 2102 can be delivered through the arterial access device 1902

to the anchoring vessel 1904. Subsequently, at operation 2004, a catheter 2103, such as a

microcatheter 1910 or a finder catheter 1908, can be delivered over the guidewire 2102 into

an anchoring vessel 1904 of a target anatomy. In an implementation, the catheter 2103 can

be preloaded with the guidewire 2102, and thus, the guidewire 2102 and the catheter 2103

can be advanced simultaneously. The guidewire 2102 can extend at least the length of the

catheter 2103 and can be independently maneuverable within the catheter 2103 to lead the

guidewire/catheter system to the anchoring vessel 1904. The coaxial system can be moved as

a unit and each part can be manipulated independently depending on anatomical requirements

and operator preferences. In particular implementations, a finder catheter 1908 (not shown in

this figure) can also be positioned as part of the guidewire/catheter system. Thus, a route for

the tethering device 100 can be established by the guidewire 2102 and one or more catheters

2103.

[000212] Referring to FIG. 3IB, at operation 2006, the guidewire 2102 is exchanged for

the tethering device 100. The guidewire 2102 can be removed from a lumen of the catheter

2103 and the tethering device 100 can be inserted into the catheter 2103 outside of the body

402 using an insertion tool. Insertion tools are known, for example, to insert a retrievable

structure into a patient anatomy during a SMAT procedure, a stent during a balloon

angioplasty procedure, or to insert a flow diverter or stent for stent-assisted coils to treat an

aneurysm or stenosis. It is also possible that the tethering device 100 is already preloaded in

the catheter system and the entire catheter 2103 with the tethering device 100 is inserted into

the catheter 2103 instead of loading the tethering device 100 into the catheter 2103 without

an outer sheath.

[000213] At operation 2008, the anchor 102 of the tethering device 100 can be deployed

in the anchoring vessel 1904, e.g., the ECA. That is, the anchor 102 can be deployed at an

anchoring site in the anchoring vessel 1904 distal to the entrance of the target vessel 1906.

Deployment of the anchor 102 can include a standard "pin and pull" technique to keep the



anchor 102 in a fixed position and prevent jumping of the device while the catheter 2103 is

pulled back to unsleeve the anchor 102.

[000214] Referring to FIG. 31C, at operation 2010, the tetherable guide-sheath 400 is

advanced over the catheter 2103 to position the mouth 508 of the tetherable guide-sheath 400

near an entrance of a target vessel 1906. That is, the tetherable guide-sheath 400 may include

a tether lumen 408 to receive both the catheter 2103 and the tether 104 to allow the tetherable

guide-sheath 400 to be tracked over an outside of the catheter 2103. Using the tethering

device 100 and the catheter 2103 as support, the tetherable guide-sheath 400 can be advanced

into the CCA up to the ECA/ICA bifurcation. Advancement of the tetherable guide-sheath

400 leverages the support of the tandem tether 104 and catheter 2103 combination, as well as

the pulling force that the anchor 102 of the tethering device 100 provides when fully

deployed in the ECA. The tetherable guide-sheath 400 can be advanced to the ECA/ICA

bifurcation and a mouth 508 of the tetherable guide-sheath 400 may be directed towards the

targeted vessel 1906, e.g., the ICA. The combination of the catheter 2103 and the tether 104

may provide sufficient column strength to reduce the likelihood of prolapse of the tetherable

guide-sheath 400 into the ascending aorta, and to direct the tetherable guide-sheath 400 into

the brachiocephalic as described in more detail above.

[000215] Referring to FIG. 3ID, at operation 2012, the catheter 2103 can be removed

from the tetherable guide-sheath 400. The tether 104 of the tethering device 100 can allow

the catheter 2103 to be removed by pulling the catheter 2103 proximally. This differs from

other techniques that require long wires and long wire exchanges. After the catheter 2103 is

removed, the tetherable guide-sheath 400 can be coaxially located over the tethering device

100. The mouth 508 of the tetherable guide-sheath 400 can be adjusted, e.g., the tetherable

guide-sheath 400 may be torqued, to direct the mouth 508 toward the entrance of the target

vessel 1906, e.g., the ICA or another target vessel 1906.

[000216] At operation 2014, the tetherable guide-sheath 400 can be attached to the

tether 104 of the tethering device 100 at a point of fixation 1912 proximal to the entrance of

the target vessel 1906. For example, an RHV (not shown) connected to a connector of the

proximal furcation 404 of the tetherable guide-sheath 400 can be tightened to lock the tether

104 of the tethering device 100 to the tetherable guide-sheath 400. Optionally, another

securement device, e.g., a tether gripper 1502 incorporated in the tetherable guide-sheath 400

and/or the tethering device 100, a torque device, a clamp, or another clamping device, can be

actuated to grip the tether 104 and lock the tether 104 to the tetherable guide-sheath 400.



Thus, the tetherable guide-sheath 400 can become tethered to the deployed anchor 102 of the

tethering device 100 by the tether 104.

[000217] At operation 2016, a working device 802 can be advanced through a working

lumen 410 of the tetherable guide-sheath 400. For example, a delivery catheter can be

advanced into the entrance of the target vessel 1906 as described above. Delivery of the

working device 802 can cause a reaction force to be applied to the tetherable guide-sheath

400 between the anchoring site and the point of fixation 1912, and the reaction force may

thus tension the tether 104 between the anchoring site and the point of fixation 1912.

Accordingly, the anchoring delivery system can buttress the working device 802 against

back-out and/or prolapse to facilitate delivery to a distal portion of the target vessel 1906.

The anchoring delivery system can provide dual anchoring points, for example, at the ECA

and the petrous carotid that allows the guide-sheath to be pulled into position rather than

"pushed" upstream. Further, the anchoring delivery system can allow for single operator ease

of use in a rapid exchange fashion.

[000218] Referring to FIG. 32, a method of using several anchoring delivery systems to

gain access to a target vessel is illustrated in accordance with an implementation. FIGS.

33A-33B illustrate operations of the method illustrated in FIG. 32. Accordingly, FIGS. 32-33

are described in combination below.

[000219] The method of FIG. 32 can include operations similar to those described

above. For example, at operation 3202, an anchor 102 of a first tethering device 2202 can be

deployed in a first anchoring vessel 2302. Referring to FIG. 33A, the first tethering device

2202 can be comparable to the tethering device 100 described above. Thus, the operations

leading up to and including operation 3202 can be similar to those leading up to and

including operation 1802 of FIG. 28, or those leading up to and including operation 2008 of

FIG. 30. In an implementation, the first anchoring vessel 2302 is a vessel proximal to the

anchoring vessel 1904 used to reach a target vessel 1906. For example, the first anchoring

vessel 2302 can be an ipsilateral subclavian and can be used as a stepping stone when an

operator encounters challenging anatomies and is unable to reach the preferred anchoring

vessel 1904, e.g., the ECA, with a preferred guidewire/catheter system "finder set". In the

event that the operator cannot advance the finder set to the preferred anchoring vessel 1904,

the finder set may instead be advanced into the first anchoring vessel 2302, where the anchor

102 of first tethering device 2202 can be deployed to provide an anchor point for the

tetherable guide-sheath 400.



[000220] At operation 3204, a tetherable guide- sheath 400 can be advanced over a

tether 104 of the first tethering device 2202 to position a mouth 508 of the tetherable guide-

sheath 400 near an entrance of the a second anchoring vessel 1904. Thus, the operations

leading up to and including operation 3204 can be similar to those leading up to and

including operation 1806 of FIG. 28, or leading up to and including operation 2010 of FIG.

30.

[000221] At operation 3206, a second tethering device 2204 can be advanced through a

working lumen 410 of the tetherable guide-sheath 400 into the second anchoring vessel 1904.

That is, using the anchoring support of the first tethering device 2202 and the tetherable

guide-sheath 400, the second tethering device 2204 can be advanced through a working

lumen 410 of the tetherable guide-sheath 400 into the second anchoring vessel 1904, e.g., the

ECA . The second tethering device 2204 can include a second anchor 102 attached to a

second distal end of a second tether 104, and thus, can be similar in some or all respects to

the first tethering device 2202. That is, the first and second tethering devices 2202, 2204 can

be duplicates of the tethering device 100 described above. The second anchoring vessel 1904

can be similar to the target vessel 1906 described above, in that the second anchoring vessel

1904 can branch away from the first anchoring vessel 2302 (or vice versa) like the target

vessel 1906 branches from the anchoring vessel 1904 in the above description. At operation

3208, the second anchor 102 of the second tethering device 2204 can be deployed in the

second anchoring vessel 1904.

[000222] Referring to FIG. 33B, the tetherable guide-sheath 400 can be relocated to

facilitate delivery of a working device 802 into a target vessel 1906. At operation 3210, the

tetherable guide-sheath 400 can be removed from the tether 104 of the first tethering device

2202. At operation 3212, the tetherable guide-sheath 400 can be advanced over the second

tether 104 of the second tethering device 2204 to position the mouth 508 of the tetherable

guide-sheath 400 near a second entrance of a second target vessel 1906. For example, the

mouth 508 can be positioned toward a target ICA branching from the second anchoring

vessel 1904, e.g., the ECA. Thus, the tetherable guide-sheath 400 can be fixed to the second

tether 104 of the second tethering device 2204 to provide support to the working device 802

as it is advanced into the target vessel 1906 in a manner similar to that described above.

Accordingly, it is contemplated that one or more tethering devices 100 can be used to allow

an operator to make his or her way up to the target anatomy in an operation using any

anatomy proximal to the target anatomy as a preliminary anchoring site to advance toward a

preferred anchoring site nearer to the target artery.



[000223] In some cases, the tetherable guide-sheath 400 may not be able to advance to

retrieve the anchor 102 of the tethering device 100. For example, after the anchor 102 of

second tethering device 2204 is anchored in the second anchoring vessel 1904, the tetherable

guide-sheath 400 may be unable to advance over the tether 104 of the first tethering device

2202 to capture the first anchor 102 in the first anchoring vessel 2302. In this event, the

anchor 102 of the first tethering device 2202 can be detached, as described above, and the

detached anchor 102 can remain in the patient and the detached tether 104 can be pulled out

of the great vessels, aorta, and out of the access sheath and/or the arteriotomy of the access

site. Alternatively, a separate catheter can be advanced over the tether 104 of the first

tethering device 2202 after the tetherable guide-sheath 400 is removed from the tether 104,

and the separate catheter can capture and retrieve the anchor 102.

[000224] Referring to FIG. 34, a method of using several anchoring delivery systems to

gain access to a target vessel is illustrated in accordance with an implementation. FIGS.

35A-35C illustrate operations of the method illustrated in FIG. 34. Accordingly, FIGS. 34-35

are described in combination below.

[000225] In some anatomies, a "through-the-anchor" approach may be used to access a

target vessel 1906. For example, referring to FIG. 35A, a complex anatomy includes a

"bovine" arch where the left CCA takes off from the brachiocephalic artery instead of the

aorta. At operation 3402, an anchor 102 of a first tethering device 2202 can be deployed in a

first anchoring vessel 2302, e.g., a brachiocephalic artery proximal to a left CCA takeoff,

branching from a source vessel, e.g., the AA. At operation 3404, a tetherable guide-sheath

400 can be advanced over a tether 104 of the first tethering device 2202 within the source

vessel to position a mouth 508 of the tetherable guide-sheath 400 near a takeoff of the first

anchoring vessel 2302. For example, the mouth 508 can be located adjacent to the takeoff of

the brachiocephalic artery from the AA. At operation 3406, a second tethering device 2204

can be advanced through a working lumen 410 of the tetherable guide-sheath 400 and the

deployed anchor 102 of the first tethering device 2202. For example, the anchor 102 of the

first tethering device 2202 can have a central lumen, as in the case of an expandable cage, or

expand in a manner that allows a second tethering device 2204 to be advanced through or

along the deployed anchor 102 of the first tethering device 2202 toward a target vessel 1906.

At operation 3408, an anchor 102 of the second tethering device 2204 can be deployed in a

second anchoring vessel 1904 distal to the first anchoring vessel 2302. Thus, the tethers 104

of the first tethering device 2202 and the second tethering device 2204 may remain within the

tetherable guide-sheath 400, e.g., in respective lumens or in a same lumen.



[000226] Referring to FIG. 35B, at operation 3410, the tetherable guide-sheath 400 can

be removed from the tether 104 of the first tethering device 2202. Subsequently, at operation

3412, the tetherable guide-sheath 400 can be advanced over the tether 104 of the second

tethering device 2204 to position the mouth 508 of the tetherable guide-sheath 400 near a

target vessel 1906. The tetherable guide-sheath 400 can be advanced up the tether 104 of

second tethering device 2204 to the anchoring vessel/target vessel junction, e.g., the carotid

bifurcation. The mouth 508 of the tetherable guide-sheath 400 can be positioned to face the

target vessel 1906, e.g., the ICA.

[000227] Referring to FIG. 35C, if the target vessel 1906 cannot be reached, the CCA

can be used as an anchor point for the second tethering device 2204 to be deployed. Thus,

the anchor 102 of the first tethering device 2202 can be anchored in the brachiocephalic

artery, and a working device 802, such as an implant delivery system, can be delivered

through a working lumen 410 of the tetherable guide-sheath 400 to traverse through the

anchor 102 of the first tethering device 2202.

[000228] Referring to FIG. 36, a method of deploying an anchoring delivery system to

gain access to a target vessel is illustrated in accordance with an implementation. At

operation 3602, an operator can deliver a finder catheter (typically a 5F guide or diagnostic

catheter) to an anchoring vessel in a patient anatomy, e.g., an external carotid artery (ECA).

At operation 3604, the tethering device can be advanced through the finder catheter. The

tethering device 100 can have a pusher tube 109 preloaded over a runner tube 113 of the

tether 104. As the tethering device 100 is advanced, the anchor 102 can slide through the

finder catheter in an unexpanded state, constrained by the finder catheter. The tethering

device 100 can be advanced until the anchor 102 is near a distal end of the finder catheter,

and near an anchoring site in the anchoring vessel 1904. In some implementations, the distal

joint 108 of the anchor 102 can move relative to the proximal joint 108 of the anchor 102,

i.e., the anchoring wire can slide within the runner tube, may allow the anchor 102 to be

easily loaded into a sheath or a catheter by simply pushing the anchor 102 into the sheath.

More particularly, by pushing the anchor 102 into the sheath using the tether 104, the push

force can be transmitted through the anchor 102 to cause the anchor 102 to elongate and/or

contract such that the procedure effectively "pulls" the anchor 102 into the sheath, which may

significantly simplify loading.

[000229] At operation 3606, the anchor 102 can be deployed at the anchoring site by

advancing the anchor 102 out of the finder catheter, or by retracting the finder catheter over

the tethering device 100 to unsleeve the anchor 102. The anchor 102 can therefore self-



expand to the expanded state to press against, and anchor, within the anchoring vessel 1904.

In an implementation, the anchor 102 includes a closed-cell structure, and thus, the anchor

102 can remain constricted in an unexpanded diameter as long as the anchor 102 is not full

released. This may simplify the release of the anchor 102 into the anchoring anatomy.

[000230] Still with respect to FIG. 36, at operation 3608, after the anchor 102 is

anchored at the anchoring site, the pusher tube 109 can be removed from the tether 104.

More particularly, the pusher tube 109 can be pulled proximally to slide over the runner tube

113 and to be removed from the patient anatomy.

[000231] At operation 3610, the operator may optionally adjust the anchor 102 to

achieve a predetermined degree of anchoring. For example, the anchor wire 111 can be

pulled relative to the runner tube 113 to cause a desired degree of expansion of the anchor

102. It will be noted that this may cause the anchor 102 to expand from a first expanded

state, e.g., a self-expanded state, to a second expanded state, e.g., an actuated state.

Accordingly, the second expanded state may be greater than the first expanded state to seat

the anchor 102 in the anchoring vessel 1904. The opposite can be true, and the anchor wire

102 can be advanced relative to the runner tube 113 to reduce the degree of expansion from

the self-expanded state to the actuated state, e.g., if the operator assesses that the anchor 102

is oversized for the anchoring vessel 1904 and that a reduced expansion diameter will reduce

the likelihood of vascular trauma while still achieving effective seating of the anchor at the

anchoring site.

[000232] At operation 3612, the finder catheter can be removed from the patient

anatomy with a pulling motion. In an implementation, the anchor 102 provides a resistive

anchoring force greater than the friction force applied to the tether 104 by the finder catheter,

and thus, the tethering device 100 remains in place during retraction of the finder catheter.

[000233] At operation 3614, the operator can advance the tetherable guide-sheath 400

over the tether 104 of the tethering device 100. For example, the anchor wire 111 can be

loaded into the tether distal port 504 of the tetherable guide-sheath 400 and the tetherable

guide-sheath 400 can be advanced over the runner tube 109 through the anatomy toward the

target vessel 1904. More particularly, the tetherable guide-sheath 400 can be advanced until

the mouth 508 is positioned at a takeoff of a target vessel 1906, e.g., an internal carotid artery

(ICA) leading to a targeted treatment location such as an aneurysm or a stenosis. The

tetherable guide-sheath 400 can be torqued to rotate the mouth 508 such that a working

device delivered through the working lumen will be directed into an entrance of the target



vessel 1906 at the anchoring vessel/target vessel junction by the deflecting surface in the

working channel of the tetherable guide-sheath 400.

[000234] At operation 3616, the tetherable guide-sheath 400 can be attached to the

tether 104 of the tethering device 100. For example, the tether gripper 1502, e.g., an RHV or

another gripping technology (see "Dedicated Exit Lumen" and "Multi-headed RHV"

implementations) can be used to affix the tetherable guide-sheath 400 to the tethering device

100 at a point of fixation 1912 proximal to the anchoring site 1904 and/or the entrance to the

target vessel 1906.

[000235] At operation 3618, the anchor wire 111 of the tether 104 can be fixed by

releasing an RHV 434 connected to the tether proximal port 414 and pulling relative to the

tetherable guide-sheath 400 and then fixing it again in position. A locking element 130 may

be added to additionally fix the anchoring wire 111 as well as given the operator an easy

"handle" with which to apply push/pull on the distal anchor 102 via the anchor wire 111 .

[000236] At operation 3620, a working device, e.g., an implant delivery system, may be

advanced through the working lumen into the target vessel 1906 to perform a preferred

treatment. As the working device is advanced into the target vessel 1906, any reaction force

applied by the distal anatomy may be transmitted by the working device to the tetherable

guide-sheath 400 and the tethering device 100, placing the tether 104 in tension between the

anchoring site 1904 and the point of fixation 1912. Whereas such reaction force may

ordinarily cause buckling of the working device, the tetherable guide-sheath 400 may be

buttressed by the tensioned tether 104, and thus, may effectively support the working device

to allow it to be advanced without buckling or prolapse. Once the working device is in place,

e.g., at the treatment site, the preferred treatment, e.g., delivery of a stent or a coil, can be

performed. The working device can then be removed from the anchoring delivery system

and the patient anatomy.

[000237] At operation 3622, the tetherable guide-sheath 400 has a detachment point

1916 that allows the operator to manually grasp the runner tube 113 or apply a locking

element 130 to the runner tube 113. Force may be applied to the runner tube 113 to move the

runner tube 113 relative to the anchor wire 111 to collapse the anchor 102 from the expanded

state to or towards an unexpanded state, or from the actuated state to the self-expanded state.

The anchor 102 can thus be withdrawn into the tether lumen 408 and/or chamber 515 of the

tetherable guide-sheath 400, or the tetherable guide-sheath 400 can be exchanged with a

separate catheter, such as a guide or diagnostic catheter that can be advanced over the anchor

102 to capture the anchor 102. The tetherable guide-sheath 400 and/or tethering device 100



can then be removed from the patient anatomy to complete the use of the anchoring delivery

system and finish the intervention.

[000238] Referring to FIG. 37A, a schematic view of an anchoring delivery system

deployed in a target anatomy is illustrated in accordance with an implementation. The

proximal portion of the tetherable guide-sheath 400 can incorporate a multiheaded RHV

1918. The multiheaded RHV 1918 can include an elongated arm 1920 having a detachment

point 1916 to expose the runner tube 113 for operator access. The elongated arm 1920 may

provide an extension leading to the tether gripper 1502, which may include an anchoring

RHV. For example, the anchoring RHV may include a collet, such as a brass or metal insert

in the diaphragm which allows it to grasp and hold the anchoring wire, as described in more

detail above.

[000239] The detachment point 1916 can include a detachable coupling, which may be

formed by numerous mechanisms. For example, the elongated arm 1920 can include an

external O-ring that fits within an internal groove formed in the multi-headed RHV. The

elongated arm 1920 can include a rigid or semi-rigid clear extender that is of sufficient

distance to reach and surpass the end of the runner tube 113. More particularly, a transition

point 1922 between the anchor wire 111 and the runner tube 113, i.e., a proximal end of the

runner tube 113, may occur within the elongated arm 1920 when the elongated arm 1920 is

attached to the multi-headed RHV body. Accordingly, the runner tube 113 and the anchor

wire 111 may be visualized, e.g., if they are of different colors or sufficient contrast to each

other, in the extension tube. In an implementation, the elongated arm includes demarcations

that may be used to estimate a tension applied to the tethering device 100. For example, a

first distance between a point on the anchoring wire 111 and the proximal end of the

transition tube may be measured when the anchor 102 is in the self-expanded state, and a

second distance between those points may be measured upon actuation of the anchor wire

111 . A difference in the distances may correspond to a degree of tension or an amount of

anchoring provided by the tethering device 100.

[000240] The detachment point 1916 may or may not have an ability to restrain or fix

the runner tube 113. In an implementation, an "in-line" RHV can be used to fix the runner

tube 113 at the detachment point 1916. Alternatively, a transient fixation can be achieved

using a push button, a lever, or another mechanism that can be actuated by an operator to

temporarily apply pressure to the runner tube 113 when desired. Transient fixation can allow

withdrawal of the anchor wire 111 relative to the runner tube 113 for adjustments during a

procedure, and such adjustments may be followed by fixation of the anchor wire 111 with a



separate anchoring RHV. If prolonged fixation is provided on the runner tube 113 and the

anchor wire 111 simultaneously, the relative size of the anchor 102 can remain fixed by the

relative positions of the tether components, and the transient increase and decrease of

anchoring by loads applied to the tether 104 by the tetherable guide-sheath 400, e.g., during

working device advancement, may not occur.

[000241] Reiterating the steps above with the system illustrated in FIG. 37A-37B, after

the tetherable guide-sheath 400 is positioned, the tether 104 can be fed through the elongated

arm 1920 of the multiheaded RHV 1918 and the anchoring RHV 1502 can fix the anchor

wire 111 as it is tightened. A locking element 130, i.e., a torque device as is known in the art,

can also be added to provide security of the hold on the system. If the runner tube 113 has an

independent fixating technology applied to it (it is not "non-restraining"), then the

relationship of the runner tube 113 and the anchor wire 111 can be stabilized to fix the

tension applied to the anchor 102.

[000242] Referring to FIG. 37B, a schematic view of an anchoring delivery system

deployed in a target anatomy is illustrated in accordance with an implementation. The

proximal portion of the tetherable guide-sheath 400 can include a dedicated bifurcation

having the multi -headed RHV 1918. For example, the working lumen may pass through an

arm of the dedicated bifurcation having length of 10 to 20 mm between the working proximal

port and the bifurcation point. Accordingly, standard RHVs may be connected to the

tetherable guide-sheath 400. This "dedicated exit" version of the tetherable guide-sheath

system may include the working lumen and the tether lumen, and the tether lumen may

extend through the elongated arm and the tether gripper. More particularly, each end of the

dedicated bifurcation may include a "single-headed" RHV. The arm sections of the dedicated

bifurcation may be separated, e.g., by 10 to 20 mm, to avoid operator confusion during use.

The working lumen portion of the dedicated bifurcation, i.e., the working lumen and RHV

connected to the working lumen, may operate similar to typical neurovascular access

systems. The tether lumen portion of the dedicated bifurcation may include a clear semi-rigid

or rigid segment, i.e., the elongated arm, to allow visualization of the runner tube and

anchoring wire for refined adjustment of the expansion of the anchor, as described above.

The anchor wire may also be anchored outside the locking RHV with an anchoring locking

element or other clamping device. Furthermore, the detachment point may or may not have

an ability to restrain or fix the runner tube in place, as described above.

[000243] Referring to FIG. 38, a schematic view of an anchoring delivery system

deployed in a target anatomy is illustrated in accordance with an implementation. The anchor



102 can be configured anchor within a vessel 1904. As previously described, anchoring can

be controlled by adjusting a relative position of the anchoring wire 111 relative to the runner

tube 113. In an implementation, the tethering device 100 can include a locking mechanism to

fix the relative position between the anchoring wire 111 and the runner tube 113 after the

desired anchor dimension or tension is achieved.

[000244] In an implementation, the locking mechanism includes a pair of clamping

mechanism or devices, such as a pair of locking elements 130. Each locking element 130 can

have a fitting adapted to grip one or more of the tether components (the runner tube 113 or

the anchoring wire 111) securely. Thus, a predetermined tension can be applied by gripping

and moving the tether components by a respective locking element 130. The pair of

clamping devices can be referred to as an anchor wire locking element 130a (connected to the

anchor wire 111) and the runner tube locking element 130b (connected to the runner tube

113). In an implementation, the anchor wire locking element 130a is sized to accept the

anchor wire 111 diameter, but not to accept the larger diameter of the runner tube 113. For

example, the anchor wire locking element 130a can incorporate a collet having a relaxed

inner diameter smaller than the outer diameter of the runner tube 113. By contrast, the runner

tube locking element 130b can be sized to receive the runner tube 113 in the undamped state,

but to lock down firmly on the runner tube 113 in a locked state, e.g., when the locking

element device is actuated by rotation of a cap component on a body component, as is known

in the art.

[000245] The paradigm of a pair of locking element devices 130 to control the tethering

device anchor 102 expansion can be incorporated in a "dedicated bifurcation" version of a

tetherable guide-sheath 400 or in a "multiheaded RHV" version of a tetherable guide-sheath

400. In either case, respective locking elements 130 can be tightened down on a

corresponding anchor wire 111 and a corresponding runner tube 113 to apply tension to

expand or contract the anchor 102, e.g., between an unexpanded state and an expanded state.

Furthermore, the locking elements 130 can be gripped to advance or withdraw the tethering

device 100 within the tetherable guide-sheath 400, or to advance or withdraw the combined

anchoring delivery system.

[000246] In an implementation, the locking elements 130 can be used to lock the anchor

102 in position. For example, after pulling on the anchoring wire 111 relative to the runner

tube 113 to expand the anchor 102, the anchoring wire locking element 130a can be

repositioned to abut a proximal end of the runner tube 113. The anchoring wire locking

element 130a can then be tightened and released, such that spring force retained within the



anchor 102 can tension the anchoring wire 111 and the proximal end of the runner tube 113

can press against (but not move) the anchoring wire locking element 130a. The tethering

device 100 can therefore be locked into position to maintain a constant size of the expanded

anchor 102. Similarly, the runner tube locking element 130b, after being used to apply

desired pressure and expansion to the anchor 102, can be loosened and advanced against the

proximal furcation 404 or an RHV connected to the proximal furcation 404 so as to not allow

any motion of the runner tube 113 relative to the tetherable guide-sheath 400.

[000247] Referring to FIG. 39, a flowchart of a method of deploying an anchoring

delivery system is illustrated in accordance with an implementation. The method shall be

described below with reference to FIGS. 40A-40D, which illustrate schematic views of an

anchoring delivery system deployed in a target anatomy, in accordance with an

implementation.

[000248] At operation 4102, referring to FIG. 40A, an operator can deliver a finder

catheter 1908 (typically a 5F guide or diagnostic catheter) to an anchoring vessel in a patient

anatomy, e.g., an external carotid artery (ECA). At operation 4104, the tethering device 100

can be advanced through the finder catheter 1908. The tethering device 100 can include an

anchor 102 having a pre-shaped element like a wire that can pass through the finder catheter

as described elsewhere herein. As the tethering device 100 is advanced, the anchor 102 can

slide through the finder catheter 1908 in an unexpanded state, e.g., the lower profile

configuration shown in FIGS. 5H-5L. The tethering device 100 can be advanced until the

anchor 102 is near a distal end of the finder catheter 1908, and near an anchoring site in the

anchoring vessel 1904. The anchor 102 can be pushed through the finder catheter 1908 by

the pusher tube 109.

[000249] At operation 4106, referring to FIG. 40B, the anchor 102 can be deployed at

the anchoring site by advancing the anchor 102 out of the finder catheter 1908, by retracting a

constraining element positioned over the tethering device 100 to unsleeve the anchor 102, or

otherwise deploying the anchor 102 at the anchoring site. The anchor 102 can therefore self-

expand, e.g., to the preformed larger profile configuration shown in FIGS. 5H-5L. In the

expanded state, the anchor 102 can press against, distort, and/or anchor, within the anchoring

vessel 1904. In an implementation, the anchor 102 includes a coil segment having a bulbous

profile, although the anchor 102 can also include other shapes, e.g., pigtail, bulbous, hook-

shaped, conical, etc., as described herein.

[000250] At operation 4108, after the anchor 102 is anchored at the anchoring site, the

pusher tube 109 can be removed from the tether 104. For example, the pusher tube 109 can



be retrieved from the finder catheter 1908. More particularly, the pusher tube 109 can be

pulled proximally to slide over the tether 104 and to be removed from the patient anatomy.

[000251] At operation 4 110, the finder catheter 1908 can be removed from the patient

anatomy with a pulling motion. In an implementation, the anchor 102 can provide a resistive

anchoring force greater than the friction force applied to the tether 104 by the finder catheter

1908, and thus, the tethering device 100 remains in place during retraction of the finder

catheter 1908.

[000252] At operation 4 112, referring to FIG. 40C, the operator can advance a

tetherable guide-sheath 400 over the tether 104 of the tethering device 100. For example, the

anchor wire 111 can be loaded into a tether distal port 504 of the tetherable guide-sheath 400

and the tetherable guide-sheath 400 can be advanced over the tether 104 through the anatomy

toward the target vessel 1906. More particularly, the tetherable guide-sheath 400 can be

advanced until a mouth 508 is positioned at or near a takeoff of a target vessel 1906, e.g., an

internal carotid artery (ICA) leading to a targeted embolus. The tetherable guide-sheath 400

can be torqued to rotate the mouth 508 such that a working device 802 delivered through the

working lumen will be directed into an entrance of the target vessel 1906 at the anchoring

vessel/target vessel junction.

[000253] At operation 4 114, the tetherable guide-sheath 400 can be attached to the

tether 104 of the tethering device 100. For example, a tether gripper, e.g., an RHV or another

gripping technology, (not shown) can be used to affix the tetherable guide-sheath 400 to the

tethering device 100 at a point of fixation 1912 proximal to the anchoring site and/or the

entrance to the target vessel 1906. It should be appreciated, however, that the mouth 508 need

not be aligned with or rotated towards the entrance of the target vessel 1906 for the working

device 802 to be delivered into the target vessel 1906.

[000254] At operation 4 116, referring to FIG. 40D, a working device 802, e.g., an

implant delivery system, can be advanced through the working lumen into the target vessel

1906 to perform a preferred treatment. As the working device 802 is advanced into the target

vessel 1906, any reaction force applied by the distal anatomy may be transmitted by the

working device 802 to the tetherable guide-sheath 400 and the tethering device 100, placing

the tether 104 in tension between the anchoring site and the point of fixation 1912. Whereas

such reaction force may ordinarily cause buckling of the working device 802, the tetherable

guide-sheath 400 can be buttressed by the tensioned tether 104, and thus, may effectively

support the working device 802 to allow it to be advanced without buckling or prolapse. At

operation 4 118, once the working device 802 is in place, e.g., at an aneurysm or stenosis, the



preferred treatment, e.g., delivery of a stent or stent-assisted coil, or flow diverter, can be

performed. The working device 802 can then be removed from the anchoring delivery

system and the patient anatomy.

[000255] At operation 4120, the tether 104 can be pulled to withdraw the anchor 102

into the tether lumen 408 of the tetherable guide-sheath 400, or the tetherable guide-sheath

400 can be exchanged with a separate catheter, such as a guide or diagnostic catheter, that can

be advanced over the anchor 102 to capture the anchor 102. The tetherable guide-sheath 400

and/or tethering device 100 can then be removed from the patient anatomy to complete the

use of the anchoring delivery system and finish the intervention.

[000256] Methods of Intracerebral Stent Delivery Using an Anchoring Delivery

System

[000257] The anchoring delivery systems described herein can address many of the

issues that standard neurovascular delivery systems for delivery of a flow diverter or a stent

implant can create. The anchoring delivery systems described herein can create an anchor

point at a bifurcation such as the subclavian takeoff and advancing a working device out of

the sheath tip against resistance can create a downward force on the sheath, which in

conventional sheaths without anchoring would result in prolapse of the sheath into the

ascending aorta. The anchor point provided by the tethering device anchor prevents prolapse

and provides guide support at the point of bifurcation. The anchor anchored in an anchoring

vessel along with the tetherable guide-sheath fixed to the tether of the tethering device at a

fixation point proximal to the anchoring site, e.g. at a locking RHV of the tetherable guide-

sheath can create a cinching point at the ECA/ICA junction (or at another bifurcation

point(s)) when a working device is delivered through the mouth of the tetherable guide-

sheath into the target vessel thereby reducing a likelihood of prolapse into the aorta.

Described below are methods of advancing an implant delivery system through an anchoring

delivery system as described throughout that may replace standard approaches when the

target site includes a target aneurysm or stenosis in the anterior circulation.

[000258] FIG. 4 1A shows an implementation of an anchoring delivery system 10 having

a guide-sheath 400 and a tethering device 100 with a distal anchor 102 coupled to a proximal

tether 104. The anchor 102 is shown deployed within an anchoring vessel 1904 and the

tether 104 of the tethering device 100 is shown locked into position at a fixation point 1912

proximal to the anchoring vessel 1904 such as at a proximal hemostasis valve 434 of the

tetherable guide-sheath 400. It should be appreciated that although the figures illustrate

schematically the anchor 102 having a particular configuration (e.g. an expanding stent-like



anchor) that the anchor configuration used in the methods described herein can vary and is

not intended to be limiting. The target location 925 can be an aneurysm or stenosis, located,

for example, distal to a carotid siphon or at the M l or M2 segments. Once deployed as

shown in FIG. 4IB, the anchoring delivery system 10 can provide a fixed point from which

an implant delivery system 915, e.g. a SE stent delivery system, can push off into any

obstruction that the implant delivery system may encounter. The implant delivery system

915 is shown as a self-expanding stent delivery system that is an over-the-wire system,

although it should be appreciated that other implant delivery systems and working devices are

considered herein. The implant delivery system 915 can be inserted into the guide-sheath

400 of the anchoring delivery system 10 and tracked over a procedural guidewire 910

extending through the working lumen 410 of the tetherable guide-sheath 400 to a distal

vasculature in the target vessel 1906. The implant delivery system 915 can encounter severe

turns, for example between the ICA/ECA takeoff from the aortic arch as well as other

tortuous anatomy leading to the target site 925, e.g. the aneurysm or stenosis.

[000259] FIG. 41C shows advancement of the implant delivery system 915 with

forward push at the RHV 434 (point A) through the tetherable guide-sheath 400 and out the

mouth 508 near the tip 406 and advanced into the tortuous distal carotid and cerebral

anatomy. A distal tip of the implant delivery system 915 can be guided by the course of a

previously-positioned procedural guidewire 910 and can encounter an area of tortuosity

where it meets resistance (arrows near point B) in taking the curve of the tortuous anatomy

930. Further advancement of the implant delivery system 915 can lead to a downward

reaction force that can buckle the implant delivery system 915 if used with a standard femoral

sheath without any tethering. The tetherable guide-sheath 400, however, being tethered by

the tether 104 and thus, resisting prolapse from the reaction force, may buttress the implant

delivery system 915 against the reaction force to prevent such buckling. Thus, anchoring at

point C prevents prolapse and buckling of the catheter systems and guidesheath 400 into the

potential space of the ascending aorta or any of the descending aorta. The anchoring can

occur both at the anchor 102 deployed in the ECA, preventing downward movement, as well

as in the CCA proper, preventing lateral movement.

[000260] FIG. 4ID shows how the anchoring provides the operator greater ability to

transmit pressure to the tip of the implant delivery system 915. As described herein, pressure

applied by the operator when using a conventional sheath having no anchoring to deliver the

implant delivery system 915 can result in more prolapse than system advancement to the

desired target 925. Continued forward advancement and ability to transmit that pressure can



allow navigation of many more tortuous turns than would otherwise be possible with an

unanchored sheath system increasing the likelihood of success in reaching challenging target

lesions much more consistently and more quickly.

[000261] The anchoring delivery systems described herein prevents laxity in the support

system below the target lesion. This allows for a very direct interaction between the push-

and-pull at the hands of the operator and the fluoroscopically-guided stent placement and a

more direct "one-to-one" feel. The implants are also delivered with more precision and

accuracy to the target location and with less movement. For example, the "back and forth"

pistoning of the working device, e.g., a delivery microcatheter, can be mitigated by the

support from the anchoring delivery system 10 such that placement of Stentriever, flow

diverters, stents, or other implant devices in the intracerebral anatomy is more precise and

accurate. These types of implant devices typically are inserted into a microcatheter lumen

and with a pushwire, each "bite" of advancement up the column of the sheath and the

microcatheter can lead to a back-and-forth dislodgement and migration of the distal tip, and

occasionally loss of position. The anchoring provided by the anchoring delivery systems 10

described herein help a variety of interventions including implant delivery.

[000262] Referring now to FIG. 42A, a support catheter 900 (also referred to herein as a

"guiding catheter" or a "distal access catheter") used commonly with typical sheath systems

to provide support to the level of the petrous or other targets in the distal ICA and vertebral

anatomy can be used in conjunction with the anchoring delivery system 10 described herein

to deliver an implant 920 to an intracerebral anatomy. FIG. 42B shows the support catheter

900 extending through the mouth 508 of the tetherable guide-sheath 400 and supporting an

implant delivery system 915. The implant delivery system 915 can be advanced and can

encounter tortuosity that creates downward and lateral forces described elsewhere herein.

The tetherable guide-sheath 400 anchored by the tethering device 100 can resist both the

back-out into the ascending aorta and also lateral movement of the catheter system within the

ICE and the CCA. FIGs. 42C-42D show advancement (point A of FIG. 42C) of a stent

delivery system 915 into a triaxial system that includes the support guide 900 and the

anchoring delivery system 10 advanced over a procedural guidewire 910. The support

provided by the anchoring delivery system 10 and the support catheter 900 positioned in the

body carotid can give a dramatically increased ability to deliver a force to the implant

delivery system 915 at the tip to push around an obstruction and/or tortuosity (point B of FIG.

42C). Accordingly, a target site 925, e.g., an aneurysm or stenosis, can be reached in the

intracerebral anatomy faster, more precisely, with improved accuracy, and with a reduced



likelihood of malapposition as compared to delivery without the use of the anchoring delivery

system 10.

[000263] Self-Expanding (SE) Stent Placement

[000264] The anchoring delivery systems described herein can be used to deliver a SE

stent delivery system. SE stent delivery systems generally include a self-expanding stent

positioned within a constraining tube that, upon proximal withdrawal, allows the stent to

expand within the vessel. Precise and accurate delivery of an implant at distal sites within the

cerebral vasculature can be impaired by release of stored tension within the system upon

deployment of the implant. The anchoring delivery systems described herein can resist

and/or relieve this stored tension, that together with the elimination of catheter system

prolapse described elsewhere herein, ultimately increases the precision and accuracy of

implant deployment at a target location.

[000265] FIG. 43A shows a distal aneurysm target 925 as the target for delivery of an

implant, which can include any of a variety of expanding implants such as a flow diverter,

stent, or other implant. It should be appreciated that the treatment sites described herein can

include, but are not limited to aneurysm, stenosis, occlusion, or other interventional treatment

site where delivery of an implant is desired. A procedural guidewire 910 can be used to

direct an implant delivery system 915 delivered through a standard sheath 905. The standard

sheath 905 is shown placed in the CCA to provide support for the implant delivery system

915. Advancement of the implant delivery system 915 can store tension in the entire system

below the tip of the implant delivery system 915 as the tip meets resistance at the points

where the forces are downward and lateral to the supporting catheter system and then the tip

of the implant delivery system 915 passes beyond those points of resistance. For example, as

the tip navigates a straight segment of the vessel and enters a bend, an amount of tension gets

stored. Upon exiting the bend and entering another straight segment, that tension can get

released and propel the entire system forward creating a "jump." Referring now to FIG. 43B,

the resistance can be at a tortuosity in the vessel and/or an obstruction, bifurcation, presence

of a preexisting implant, etc. The least supported catheter in the system, e.g. the implant

delivery system catheter 915 of FIG. 43B, will typically buckle the most and to a lower

degree than, for example, the sheath 905. Generally, this sort of buckling of the implant

delivery system catheter 915 can be visible to the operator and the operator can correct for

this. What can be more subtle is the movement of the sheath 905. Downward forces can

push the sheath 905, in some cases at least 5 cm, 10 cm, or 15 cm or more, down into the

aorta, depending of course on the peculiarities of each patient and how the sheaths and



catheters of the system interact with the anatomy. When movement of the sheath 905 is

severe, catheters can dislodge and loop and twist creating replacement and removal issues.

Tension can also be stored without a loss of position.

[000266] Buckling of the implant delivery system catheter can lead to loss of guidewire

910 position and backing out of the sheath 905 with prolapse of the catheter systems 915 into

the ascending aorta AA as described elsewhere herein. Additionally, the sheath 905 can

move proximally (or downward) due to aorta prolapse and downward pressures upon further

advancement of the implant delivery system 915, despite "wanting" to be further distal (or

upward) due to the stored tension (see dotted lines in FIG. 43B). The resultant effect of the

stored tension, even as the implant delivery system 915 crosses and eventually reaches the

target, can be a "back-and-forth" type of movement to reach the target site 925, e.g., the

aneurysm or stenosis, combined with subsequent vascular trauma and risk, as well as the

steady storage of tension in the sheath 905 as it is relentlessly pushed downward (see FIGs.

43C-43D). The rhythm of endovascular interventions is that there can be points of greater

resistance and lesser resistance on the path to the target resulting in a "staccato" movement

where there may be moments of resistance to the point of stoppage, followed by what feels

like free catheter movement upon entry of open field that helps to store incremental tension

above what is already stored in the sheath 905. Depending on the tortuosity, this can repeat

over and over again. The latent and most problematic stored tension can be at the sheath 905.

Where stored tension at the level of the implant delivery system 915 and buckling of the

catheter 900 is usually visible and can be minimized by operator manipulations and

equipment variations, stored tension and buckling at the level of the sheath 905 can be off the

field of view under fluoroscopy. Thus, substantial movements (e.g. multi-centimeter

movements) of the sheath 905 that are out of the field of view or more subtle movements that

are in the field of view can be missed by the operator. Alternatively, an operator may move

the patient under the image intensifier to examiner the support system at the level of ICA,

CCA, or below. Extra imaging leads to extra radiation exposure for both the operator and the

patient.

[000267] The stored tension in the sheath 905 can be particularly problematic because it

can propel the entire system forward (distally) once the pressure on the implant delivery

system 915 is reversed, such as when unsleeving a catheter from a self-expanding stent for

deployment at the target location. FIG. 43D shows an implant delivery system 915 crossing a

target 925 and ready to deploy an implant (not visible, but located inside the system 915) at

the target location across the treatment site 925, such as across a neck of an aneurysm or a



length of a narrowing in the vessel. Withdrawal of the implant delivery system 915 can

release the self-expanding stent 920 from constraint and cause a reversal of the force exerted

on the implant delivery system 915. This can relieve or release the stored tension in the

sheath 905 that can cause the sheath 905 to "jump." This can cause the implant delivery

system 915 and the implant 920 being deployed to miss the target site during unsheathing.

This leads to inaccurate and imprecise positioning of the stent often to a point past the target

location (FIG. 43E).

[000268] The extreme tortuosity of the intracerebral vasculature, particularly around the

bony structures of the skull that can require more severe pushes in order to cross in

combination with the dramatic transition in the size between the large aorta and 1-3 mm sized

target vessel can cause the stored tension and jumping effect to be even more pronounced

compared to other vascular anatomies.

[000269] In contrast, the anchoring delivery systems described herein prevent this

jumping effect. The anchoring delivery systems described herein provide a supportive point

within the neck from which to build support for the implant delivery system 915 into distal

anatomies. FIGs. 44A-44D show the tetherable guide-sheath 400 having a tethering device

100 with an anchor 102 anchored near the bifurcation in an anchoring vessel 1904, e.g. the

ECA, and coupled to a tether 104 extending proximally from the anchor 102 into a distal port

of the tetherable guide-sheath 400. The anchor 102 provides a first point of fixation of the

system at the anchoring vessel 1904 and a second point of fixation between the guide-sheath

400 and the tether 104, such as near a proximal gripping element, creates a support system for

an implant delivery system 915 advanced through the guide-sheath 400. The implant

delivery system 915 is shown advanced from the mouth 508 of the tetherable guide-sheath

400 and extending towards the target anatomy. The implant delivery system 915 can

encounter the same downward forces described above with respect to the untethered,

conventional sheath 905. However, the forces in the tethered guide-sheath 400 can be

resisted by the anchor 102 deployed in the anchoring vessel 1904 and the proximal fixation

point between the tether 104 and the sheath 400. This allows for more distal tip pressure to be

imparted at the tip of the implant delivery system 915 and more efficiently transmit forces

delivered by the operator. The method of stent delivery using the anchoring delivery system

hastens delivery and advancement of the implant, eliminates the back-and-forth motion of

typical advancement, reduces pistoning during advancement of the implant, and provides

more accurate and precise final implant placement. The method also provides as near a 1:1

relationship between movement applied at a proximal end of the implant delivery system by



an operator and movement at the distal end of the catheter. The method and the fixation

provided by the anchoring delivery system also eliminates stored tension at the sheath level,

which reduces the likelihood of the jumping effect commonly experienced in stent

deployment. The method and the "locked in" fixation provided by the anchoring delivery

systems described herein also can reduce the need for checking for stored tension and

buckling in the sheath using the image intensifier. Further, the tetherable guide-sheath 400

can be locked relative to the visible anatomy such that the operator may use buckling in the

implant delivery system 915 as a guidepost for what may be occurring in the femoral sheath

without needing to perform extra checks. Further, as described elsewhere herein, the

anchoring delivery system provides for a single operator to deliver an implant in an easy-to-

use format.

[000270] Balloon Expandable (BE) Stent Placement

[000271] The stored tension and accompanying jumping effect described above with

respect to SE stent placement is markedly reduced with BE stents. For this reason, BE stents

are generally preferred in non-compressible vasculature such as in the thoracic cavity and in

the coronaries. BE stents are generally accepted as having a greater precision with

deployment and more accurate shorter stent length requirement and ability to stay in place

with deployment. However, some lesions may release embolic material during balloon

inflation even with very small movements in the backward or forward direction that. Also,

BE stents may be less forgiving because there is typically no adjustment that can be made in

their placement once the balloon has been inflated and the stent expanded. Further, BE stents

can be a challenge for use in the intracerebral circulation. BE stents tend to be more rigid and

can be associated with higher complication rates, possibly because the rigidity of the BE

stents provides limited access to the tortuous cerebrovasculature. BE stents are typically

unsheathed such that a "hard edge" of the transition between the balloon material and the

stent positioned over the balloon can lead to catching on birfurcations or diseased segments

during navigation of extreme tortuosity of the cerebrovasculature. For example, to reach an

M l stenosis the bony terminal carotid segment and the "loop-the-loop" segment must be

navigated.

[000272] The anchoring delivery systems described herein, at the level of the carotid

bifurcation alone or in combination with a support catheter, provides a more stable platform

and allows for the delivery of short BE stent systems in lieu of self-expanding (SE) stent

systems, which can be problematic due to their jumping distal to the target delivery site.

[000273] Implications for Better Stent Delivery and Support



[000274] Stored tension in procedural sheaths and the resultant "jump" upon

deployment of a SE stent in the cerebral vasculature leads many operators to deploy SE stents

having a length that far exceeds the size of the target to ensure optimum coverage, e.g. a

diseased area, stenotic region, or a neck of an aneurysm. However, longer stents generally

lead to poor stent apposition or malapposition that increases the likelihood of an acute

thrombotic event such as acute stent thrombosis. For example, longer stents (e.g. greater than

about 30 mm) are more likely to cause periprocedural embolic complications compared to

shorter stents. Sub-optimal stent apposition with initial deployment can occur in some

instances, due to a fulcrum or another anatomic barrier that inhibit complete expansion of the

stent to the vessel wall. This can leave a potential space for thrombus formation that can lead

to complete thrombotic occlusion. Further, a lesion being dilated by a stent can be soft such

that if the stent is not forcibly apposed to the vessel wall, the dissolution of the thrombus

between the stent and the wall can also lead to high-risk malapposition. Additionally,

following stent deployment the vessel can positively remodel leaving a potential space for

thrombus formation.

[000275] Because of the thromboembolic risks associated with longer stents,

particularly in the cerebral vasculature, due to poor stent apposition or malapposition, it

would be beneficial to use shorter stents and/or stents having a length that substantially

matches the length of the stenosis, embolic lesion or aneurysm being treated. For example,

the anchored delivery systems described herein can allow for the delivery of an implant that

when in the high-profile configuration has a longitudinal length that substantially matches a

longitudinal length of the diseased region being treated, for example, a length of a stenotic

region of a vessel or in the case of an aneurysm can substantially match the length of the

neck. In some implementations, the longitudinal length of the implant when in the high-

profile configuration can be between about 1 cm and about 4 cm, or between 4 cm and about

6 cm, or between about 4 cm and about 10 cm, or between about 4 cm and about 20 cm.

Sizing precisely is critical to ensure efficacy and maximize safety. As such, the collective

length the implant extends beyond the treatment target (e.g. stenotic region or the neck of the

aneurysm being treated) should be no more than about 1-2 mm. Using implant delivery

systems and guiding sheaths known in the art result in imprecise delivery of the stents and

other implants requiring the operator to choose longer lengths than are ideal to ensure

efficacious coverage at the cost of increased risk of thrombotic complications due to excess

stent length and increased likelihood of poor apposition. Thus, the anchored delivery system

for deployment of the treatment device allows for the length of the implant to be limited to



only what is needed to bridge the treatment site (i.e., stenotic region or neck of the aneurysm)

without extending substantially beyond on either side of it.

[000276] However, shorter stents, particularly those that are self-expanding, are more

difficult to deliver precisely to the target location. Higher-pressure, post-dilation in BE

stenting is generally thought to provide better stent apposition due to the high radial strength

of this type of stent compared to the shape-memory-based SE stents. Further, BE stenting

can allow for the delivery of shorter stents that can be positioned more precisely and

accurately. However, BE stenting can be more difficult to deliver into the cerebral vascular

compared to SE stents.

[000277] The methods described herein include using an anchoring delivery system,

with or without the support of additive catheters, for the delivery of short BE stents or SE

stents to the cerebral anatomy. The methods allow for more precise stent placement along the

longitudinal (and radial dimensions in the case of BE stenting), limiting the longitudinal

length of the expanded device to substantially match the length of the target site, improve

stent apposition, and subsequently reduce the risk of stent thrombosis while providing

equivalent or better resolution to the hemodynamic compromise of an intracranial lesion or

support for stenting, stent-assisted coiling or flow diversion. The methods also include better

support delivery for stenting, stent-assisted coiling or flow diversion. The methods also

provide even more precise SE stent delivery without balloon post-dilation that is enhanced

due to the ability to select shorter stent products due to the more precise delivery and less

"back and forth" of stent placement.

[000278] The implant delivery systems considered herein for use with the anchored

delivery system can vary. In some implementations, the implant delivery system is

configured to deliver a self-expanding (SE) stent. Generally, the SE system includes the stent

positioned over an inner member and having an outer tubular member configured to maintain

the SE stent in the low-profile configuration for delivery through the guide-sheath. Upon

proximal retraction of the outer tubular member, the SE stent is released from the constraint

and allowed to expand to its high-profile configuration. Upon release, the inner tubular

member can be withdrawn leaving the SE stent in place within the target vessel. In another

implementation, the SE stent is pushed through a catheter delivery system. In other

implementations, the implant delivery system is configured to deliver a balloon-expanding

(BE) stent. Generally, the BE system includes the stent positioned over an expandable

balloon on the inner member. The stent can, but need not be, covered by an outer tubular

member or catheter.



[000279] Methods of Implant Delivery and Dual Anti-platelet Therapy (DAPT)

[000280] The methods described herein allow for the delivery of shorter, well-apposed

stents and scaffolding devices and lower the risk of thromboembolic complications and stent

thrombosis. As described above, when stent apposition is poor, the stagnant flow around

stent struts that occurs can create pocket where thrombus formation may occur and begin a

"nidus" of thrombus formation. The process is usually catalyzed by stress and in subjects

who are poorly medicated to prevent the adherence of platelets and thrombotic material to the

foreign body (the stent struts). For this reason, medical therapy during coronary or

peripheral stent deployment is usually instituted that is very aggressive and routine during

and post procedure. An anti-platelet regimen such as DAPT, however, is generally

contraindicated in neurovascular interventions, for example, patients with active bleeding or

at high risk of bleeding (e.g. a blood clot holding an aneurysm together), such as in SAH

patients, particularly those who require EVD or permanent shunt placement, where

intracranial hemorrhagic complications are greater than thromboembolic complications at

least in the short-term. In some instances, practitioners treat SAH patients with ruptured

aneurysm with stent-assisted coiling or flow diverters using DAPT at great risk of increased

bleeding at the rupture site and with future interventions such as EVD placement.

[000281] Ruptured aneurysms are typically treated by inserting a coil into the aneurysm

depending on the location of the lesion, the size of the neck, and other factors such as

whether the patient is non-bleeding or actively bleeding. FIG. 45A shows an aneurysm AN

having a coil C inserted. In SAH endovascular intervention, coiling alone is often preferred.

Coils thrombose, but they can slide out and cause clots to be released in the blood vessel,

particularly in the case of wide-necked aneurysms. Wide-necked intracranial saccular

aneurysm is generally considered to be an aneurysm with a dome-to-neck ratio of less than

2.0 mm and/or a neck length of 4 mm or more. Coiling is not ideal for wide-necked

aneurysms as the coil can slip out and often a "bail-out" stent is installed. Wide-necked

aneurysms prove challenging to treat through the endovascular route and can result in

incomplete occlusion and the risk of aneurysm recanalization, regrowth and rerupture.

Balloon assisted coiling (BAC) can also be used. In this procedure, a coil can be inserted into

the aneurysm and a balloon inflated to hold the coil in place until thrombosis occurs thereby

preventing inadvertent slippage of the coil from the aneurysm. An upfront or provisional

stent can be installed as well. For example, a stent can be installed to "jail" the coil within

the wide-mouthed aneurysm or the coil inserted through the pre-installed stent. FIG. 45B

shows a wide-necked aneurysm AN filled with a coil C and having a stent S additionally



implanted. FIG. 45C shows a typical flow diverter FD sealing off the neck NE to the

aneurysm AN.

[000282] Flow diverter technology is an option in the treatment of intracerebral and carotid

aneurysms as a method to redirect and modify flow, especially for wide-necked aneurysms

where a coil is more likely to fall out. Flow diversion involves the endovascular implantation

of devices that acutely diverts flow away from the aneurysm leading to occlusion of the

aneurysm. The stent can be a mesh-covered stent or have denseness to its wall that prevents

blood flow into the aneurysm. High vessel coverage (e.g. 30-35% surface coverage) and

braid count (e.g. 48-strand) often results in the delivery of device that are much longer than

the aneurysm mouth. The operator generally favors longer lengths also due to the

unpredictability of the foreshortening upon deployment. As described elsewhere herein,

longer lengths increase the risk of thromboembolic complications. These flow diversion

devices are relatively inflexible and difficult to position within the tortuous anatomy of the

cerebrovasculature. Further, wide-necked aneurysms are often located near multiple branch

points or perforators in close proximity, which particularly in the case of flow diversion make

them particularly challenging to treat. FIG. 46 illustrates a schematic view of a wide-necked

aneurysm AN located near branch points and having a flow diverter FD implanted. The flow

diverter FD is designed along its longitudinal length to seal the neck NE of the aneurysm AN,

but maintain flow into the branch perforators. Thus, the balance to be struck is between

effective flow diversion and occlusion while preserving flow of adjacent branch

vessels/perforators.

[000283] Coiling alone and BAC generally avoid the need for DAPT entirely. DAPT for

stent-assisted coiling (SAC) and flow diversion are standard of care. In the case of a ruptured

aneurysm where anatomy is not favorable for coiling or SAC there are few options as DAPT

is contraindicated due to bleeding risk, but required due to the risk of stent thrombosis.

Wide-necked aneurysm is a common example of this in SAH and most of these patients

require invasive surgical clipping or go without definitive therapy for their aneurysm causing

SAH.

[000284] Described herein are methods of using an anchoring delivery system, with or

without support of additive catheters, to more precisely and accurately deliver endovascularly

shorter stent or scaffolding devices in the absence of DAPT or in the presence of aspirin only.

In some implementations, described are methods of using the anchoring delivery system to

deliver implants for the treatment of stenotic regions in intracerebral vessels in the absence of

DAPT or in the presence of aspirin only. In some implementations, described are methods of



using the anchoring delivery system to deliver implants for the treatment of a ruptured,

bleeding aneurysm to allow elimination of DAPT or treatment with aspirin only to prevent

thrombotic complications. In other implementations, the method includes delivery of

implants to treat a ruptured aneurysm in the absence of DAPT and once the aneurysm is

secure using only aspirin for therapy or restoring DAPT in the post-surgical period. In some

implementations, the anchoring delivery system is used to allow delivery of BE stents to the

cerebral anatomy leading to more precise stent placement in both the longitudinal and radial

dimensions thereby improving stent apposition and subsequently reduce the risk to stent

thrombosis, while providing equivalent or better resolution to the hemodynamic compromise

of an intracranial lesion or support for stent assisted coiling or flow diversion. In some

implementations, the anchoring delivery system is used for more precise SE stent delivery

without balloon post-dilation due to selection of shorter stent products, more precise delivery,

and less of the "back and forth" of stent placement. The methods allow for a more precise

implant placement, which allows for shorter stents having better apposition. This reduction

in the risk of stent thrombosis allows for the treatment in the absence of DAPT, in the

presence of aspirin only, or according to a tailored anti-platelet regimen to minimize exposure

to a second antiplatelet agent based upon the lower risk imparted to the patient guided

potentially by genotype testing or platelet aggregometry. A specialized coating to reduce

thrombosis risk may be considered and improve even further the duration of DAPT or

perhaps allow use of a single agent from the index procedure.

[000285] Examples of Implants for Treatment of Aneurysm

[000286] The methods described herein include the delivery of stents to the treatment site

such that the stent covers only the site needing treatment, e.g. a neck of the aneurysm,

without extending substantially beyond the treatment site. The configuration of the implant

can vary and is not intended to be limiting. As described elsewhere herein the stent can be

self-expanding, balloon-expanded, provide full occlusion or coverage of the vessel wall, or

may provide only partial occlusion such that vessel coverage provided is a much lower

percentage. Generally, the implants described herein have a length along its longitudinal axis

upon expansion to its high-profile configuration that allows it to bridge the treatment site

(i.e., the neck of the aneurysm or length of the stenosis) without extending substantially

beyond it on either side. Thus, the implants being delivered can be matched in length

following expansion to their target to reduce their likelihood of causing stent thrombosis due

to malapposition.



[000287] In some implementations, the implant delivered is a stent configured to be used in

stent-assisted coiling. In some implementations, the stent is delivered after a coil is inserted

into the aneurysm to hold the coil in place. Other implementations, the stent is delivered

before the coil is inserted such that the coil is deployed through an opening in the stent

already in place within the vessel. The stent can have between 1%-10% vessel coverage, or

between 10%-20% vessel coverage. Generally, the stent is only as long as needed to bridge

typical aneurysm necks when in the expanded, high-profile configuration. FIG. 46D

illustrates a stent sealing off a wide-neck of an aneurysm and having a length in the expanded

configuration that substantially matches a length of the neck such that the length extending

beyond the neck on either end along the lumen L of the vessel is minimized. The stent can be

similar to the Cordis Enterprise having a closed cell design or the Cordis Neuroform having a

semi-open cell design or the Penumbra Liberty Stent system. The more "closed" the cell

design the minimal foreshortening upon expansion. The stent can be similar to the stents

described in U.S. Patent Publication Nos. 2014/0128901 and 2015/0238334.The stents can be

self-expanding, self-apposing laser cutMTi stents having approximately 13% vessel

coverage and a helical design. The stents can have a thromboresistant coating such as

Carmeda BioActive Surface (CBAS Heparin Surface), a covalently bonded heparin coating

or other thromboresistant coatings.

[000288] In other implementations, the implant delivered is a stent configured to be used as

a flow diverter. These stents provide dense enough vessel coverage such that the stent alone

can cause the aneurysm to thrombose. It should be appreciated, however, that these higher

vessel coverage stent devices can also be used to hold a coil in place within the aneurysm.

Generally speaking, the density of the stent can contribute to its likelihood to cause

thrombotic events. Thus, the length of the flow diverter stents is minimized to a bare

minimum needed to seal off the aneurysm. The vessel coverage desired for flow diversion

can be approximately 30% or between 30%-35%. The stent can have between 20%-30%

vessel coverage, or between 30%-40% vessel coverage. In some implementations, the stent

can be similar to the Medtronic Pipeline or Silk.

[000289] Generally, the stent delivered (whether for stent assisted coiling or flow diversion)

is only as long as needed when the stent is in the expanded, high-profile configuration to

bridge the target aneurysm neck. The anchored delivery systems described herein allow for

this to be possible compared to delivery systems known in the art that are plagued by stored

tension and the jumping effect forcing many operators to choose stents that are longer than

necessary. FIGs. 45B-45C illustrate implants bridging the neck NE, but having a length that



are longer than necessary, in comparison to the implant shown in FIG. 45D, which shows a

more appropriately sized flow diverter FD. In reality, operators choose lengths that far

exceed the length of the neck and the lengths shown in these figures underestimate the length

of the stents generally used. In some implementations, the implant can be semi-braided or

laser-cut. In other implementations, the stent can have a helical design although the pattern

of the stent can vary.

[000290] As mentioned above, the flow diverting stent can have a helical design or pattern

and that the pattern as well as the vessel coverage provided can vary. It is further considered

herein that the stent used for flow diversion can be a combination of stents, wherein each

stent has a pattern and an amount of vessel coverage that when used in combination create a

device having a different pattern and increased vessel coverage. For example, a first stent

can have a helical pattern in a clock-wise direction providing vessel coverage of between

about 10%-20%. A second stent can also have a helical pattern and provide vessel coverage

of between about 10%-20%, but the second stent helical pattern can be in a counter clock

wise direction. The first and second stents and their biased helical patterns can be used

together in opposing fashion to create an overlap region having denser vessel coverage to

treat a single aneurysm, the coverage being in a range of between about 20%-40%. Thus, the

stents alone need not provide high vessel coverage, but together can provide a density

configured to block flow into the neck of the aneurysm. This method limits the thrombotic

risk away from the treatment location by minimizing the vessel coverage (e.g. about 15%)

and targeted the higher density overlap region (e.g. about 30%) to just the region of the neck

where sealing is desired. The method provides a degree of flexibility during installation

compared to, for example, a variable density stent in which the pattern of density is fixed

along its longitudinal length and cannot be tailored on-the-fly to the anatomy within which it

is to be installed. Further, the helical pattern allows the stent to be deployed such that a

funnel is created. The V-shape forms can go in the opposite direction. In some

implementations, the stent is one similar to those described in U.S. Patent Publication Nos.

2014/0128901 and 2015/0238334. In any of the methods described herein DAPT can be

avoided or reduced to a single agent (i.e. aspirin or a heparin coating for thromboresistance),

either transiently during the peri-procedural time or permanently.

[000291] In some implementations, a first stent having a first biased pattern and low vessel

coverage can be implanted such that it provides stent-assisted coiling function. A second

stent having the second biased pattern and low vessel coverage can be implanted in a counter-

current manner after coiling is completed to further complete the occlusion of the aneurysm.



FIG. 47A illustrates a first stent having first helical pattern and FIG. 47B illustrates a second

stent having a second helical pattern. The first stent can be implanted such that the bias of

the first helical pattern is oriented along a first current. The second stent can be implanted to

insert within the lumen of the first stent following expansion such that the bias of the second

helical pattern runs counter to the bias of the first helical pattern. The overlap between the

two stents provides denser vessel coverage. The length of the overlap can be tailored as can

be position of the overlap relative to the neck of the aneurysm. This allows for tailoring of

both the density obtained and the location of the high density section relative to the anatomy

within which the stents are implanted. In contrast to a single stent having variations of

density along its length that must be aligned with the anatomy, the two-stent system allows

for tailoring to the anatomy on-the-fly.

[000292] The implanted treatment devices described herein for the deployment at the

treatment site, e.g. an aneurysm or stenosis, can have a first, collapsed or compressed

configuration such that they have a diameter configured to fit within the narrow constraints of

a delivery system. Generally, the implanted treatment devices are compatible with a 0.027"

catheter. The treatment device can include an arrangement of strands (e.g., a mesh or braid

arrangement of strands or filaments) that can compress and expand between a low-profile

configuration and a high-profile configuration. Such materials include Nitinol, MP35N,

stainless steel, cobalt chromium, titanium, platinum, tantalum, tungsten, or alloys thereof, or

polyester, polyethylene (PET), Dacron, PEEK, vectron, and suture materials, and are

available from Fort Wayne Metals of Fort Wayne, Indiana, California Fine Wire Company of

Grover Beach, California, other metal manufacturers, Ethicon Inc. of Somerville, N .J.,

Genzyme of Cambridge, Mass., Poly-Med, Inc. of Anderson, S.C., and/or other medical

grade suture and fiber manufacturers. The medical devices described herein can include one

or more expandable implants formed with a woven mesh or braid that has variably sized

apertures (also referred to herein as "openings" or "pores"). Said another way, the devices are

formed with a material that has a particular porosity or pore density. In some embodiments,

an expandable implant can have sections of mesh or braid having variation in density of the

filaments and may include portions or bands of densely spaced filaments (i.e., lower porosity)

spaced by portions or bands that are less dense (i.e., higher porosity). The less dense braid

portion can have larger openings in the braid, while the more dense braid portion can have

smaller openings in the braid. Material (e.g., bodily tissue such as endothelial cells) can be

encouraged to enter and/or attach to interstices of the mesh of the expandable implant. For

example, the more dense braid portion can be used to encourage greater endothelial cell



attachment and the less dense braid portion can be used to reduce the overall weight and or

material to be implanted in the patient. The less dense sections can also direct the final shape

of the expandable implant. For example, sections of less dense (more open) mesh or braid can

direct the effects of expansion of the implant.

[000293] Methods of Treating an Aneurysm

[000294] In a first implementation, a method of treating an aneurysm includes deploying an

anchor of a tethering device in an anchoring vessel of a neurovascular anatomy, wherein the

anchor is coupled to a tether. A tetherable guide-sheath can be advanced over the tether of

the tethering device anchored in the anchoring vessel and attached to the tether. The

tetherable guide-sheath can have a mouth directed toward an entrance of a target vessel of the

neurovascular anatomy. A treatment device is advanced through the tetherable guide-sheath

to an intracranial vessel. The intracranial vessel defines a lumen and has a lumen wall with

an aneurysm. The aneurysm has a neck communicating with the lumen. The method includes

deploying the treatment device at the neck of the aneurysm by expanding the treatment

device from a low-profile configuration to a high-profile configuration. The high-profile

configuration has a longitudinal length that substantially matches a longitudinal length of the

neck. The treatment device can be a self-expanding stent advanced by a self-expanding

delivery system or a balloon-expandable stent advanced by a balloon-expanding delivery

system. The treatment device can be a stent-type device such as a flow diverter or a stent

configured to assist in the deployment of a coil in the aneurysm. The flow diverter can have

vessel coverage of between 30%-35% and a braid count of at least 48. The method can

further include preventing blood flow through the neck of the aneurysm with the treatment

device. The longitudinal length of the treatment device when in the high-profile

configuration can be between about 1 cm and about 4 cm, or between 4 cm and about 6 cm,

or between about 4 cm and about 10 cm, or between about 4 cm and about 20 cm. As such,

the collective length the treatment device extends beyond the neck of the aneurysm being

treated can be no more than about 1-2 mm. Thus, the anchored delivery system for

deployment of the treatment device allows for the length of the treatment device to be limited

to only what is needed to bridge the neck of the aneurysm without extending substantially

beyond on either side of the neck. The aneurysm can be located near a perforating vessel.

The deployed treatment device can avoid extending to the perforating vessel when bridging

the neck of the aneurysm. In some implementations, the aneurysm is a ruptured aneurism

associated with subarachnoid hemorrhage (SAH) having a contraindication for DAPT. The

method can further including treating the patient with a single-anti-platelet therapeutic agent



in a peri-procedural period instead of a combined therapy of two or more anti-platelet

therapeutic agents. For example, the method can include treating the patient with aspirin-

only in the peri-procedural period.

[000295] In an interrelated implementation, a method of treating an aneurysm includes

deploying an anchor of a tethering device in an anchoring vessel of a neurovascular anatomy,

wherein the anchor is coupled to a tether. A tetherable guide-sheath can be advanced over

the tether of the tethering device anchored in the anchoring vessel and attached to the tether.

The tetherable guide-sheath can have a mouth directed toward an entrance of a target vessel

of the neurovascular anatomy. A treatment device is advanced through the tetherable guide-

sheath to an intracranial vessel. The intracranial vessel defines a lumen and has a lumen wall

with an aneurysm. The aneurysm has a neck communicating with the lumen. The method

includes deploy a first stent device having a first amount of vessel coverage and a first biased

pattern such that at least a portion of the first stent device bridges the neck of the aneurysm

upon expanding the device from a low-profile configuration to a high-profile configuration.

The method includes deploying a second stent device having a second amount of vessel

coverage and a second biased pattern, wherein the second amount of vessel coverage is

substantially the same as the first amount of vessel coverage. The second stent device is

deployed inside the expanded first stent device relative to the first stent device such that the

second biased patterns runs counter to the first biased pattern creating a third amount of

vessel coverage at the overlap between the first and second stent devices that is greater than

either the first or the second vessel coverage. The overlap region has a length that is

substantially the same as a length of the neck of the aneurysm. The first and second amount

of vessel coverage can be between about 10%- 15%. The third amount of vessel coverage at

the overlap can be between about 20%-30%. The length of the overlap region can be

between about 2 mm and about 4 mm, or between 4 mm and about 6 mm, or between about 4

mm and about 10 mm, or between about 4 mm and about 20 mm. As such, the length the

overlap extends beyond the neck of the aneurysm being treated no more than about 2 mm, no

more than about 4 mm, no more than about 6 mm, no more than about 8 mm, or no more than

about 10 mm. Thus, the anchored delivery system for deployment of the treatment device

allows for the length of the overlap to be limited to only what is needed to bridge the neck of

the aneurysm without extending substantially beyond on either side of the neck. The method

can further include treating the patient with a single anti-platelet therapeutic agent in a peri-

procedural period instead of a combined therapy of two or more anti-platelet therapeutic

agents. For example, the method can include treating a patient with aspirin-only.



[000296] Methods of Treating a Stenosis

[000297] In an interrelated implementation, a method of treating a narrowing in a vessel

due, for example, to an occlusion or stenosis, can include deploying an anchor of a tethering

device in an anchoring vessel of a neurovascular anatomy, wherein a tether extends

proximally from the anchor. A tetherable guide-sheath can be advanced over the tether of the

tethering device anchored in the anchoring vessel and attached to the tether. The tetherable

guide-sheath can have an opening such as a mouth directed towards an entrance of a target

vessel of the neurovascular anatomy. It should be appreciated, however, that the opening

need not be directed towards the entrance in order for advancement of a device into the target

vessel from the guide-sheath. A treatment device can be advanced through the tetherable

guide-sheath to an intracranial vessel. The intracranial vessel can have a lumen that has a

stenosis or narrowing due to a thrombotic plaque, restenosis or other narrowing that is in need

of expansion to improve blood flow through the vessel. The method can include deploying

the treatment device at the stenosis by expanding the treatment device from a low-profile

configuration to a high-profile configuration. The high-profile configuration has a

longitudinal length that substantially matches a longitudinal length of the stenosis. The

treatment device can be a self-expanding stent advanced by a self-expanding delivery system

or a balloon-expandable stent advanced by a balloon-expanding delivery system. The

longitudinal length of the treatment device when in the high-profile configuration can be

between about 2 mm and about 4 mm, or between 4 mm and about 6 mm, or between about 4

mm and about 10 mm, or between about 4 mm and about 20 mm or greater. As such, the

collective length the treatment device extends beyond the stenosis being treated can be no

more than about 2 mm, no more than about 4 mm, no more than about 6 mm, no more than

about 8 mm, or no more than about 10 mm. Thus, the anchored delivery system for

deployment of the treatment device allows for the length of the treatment device to be limited

to only what is needed to bridge the stenosis without extending substantially beyond on either

side of the stenosis. The method can further include treating the patient with a single anti

platelet therapeutic in a peri-procedural period instead of a combined therapy of two or more

anti-platelet therapeutic agents. For example, the method can include treating a patient with

aspirin-only.

[000298] In a first aspect, provided are methods for intracerebral implant placement

where an anchored delivery system allows precise stent placement to minimize stent length

and decrease or eliminate the need for antiplatelet therapy. In an interrelated aspect, provided

are methods for intracerebral implant placement where an anchored delivery system allows



balloon expandable stent placement in a precise fashion that allows precise placement and

minimal stent length and decreases or eliminates the need for anti-platelet therapy. In an

interrelated aspect, provided are methods for intracerebral implant placement where an

anchored delivery system allows delivery of a specialized covered or coated stent technology

to minimize thrombosis risk and decrease or eliminate the need for anti-platelet therapy. In

an interrelated aspect, provided are methods for intracerebral implant placement where an

anchored delivery system allows delivery of overlapping stents to facilitate stent-assisted

coiling and flow diversion.

[000299] One or more components of the implants, working devices and anchoring

delivery systems described herein may be made from a metal, metal alloy, polymer, a metal-

polymer composite, ceramics, combinations thereof, and the like, or other suitable materials.

Some examples of suitable metals and metal alloys include stainless steel, such as 304V,

304L, and 316LV stainless steel; mild steel; nickel-titanium alloy such as linear-elastic and/or

super-elastic nitinol; other nickel alloys 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, NICKEL VAC® 400,

NICORROS® 400, and the like), nickel-cobalt-chromium-molybdenum alloys (e.g., UNS:

R30035 such as MP35-N® and the like), nickel-molybdenum alloys (e.g., UNS: N10665

such as HASTELLOY® ALLOY B2®), other nickel-chromium alloys, other nickel-

molybdenum alloys, other nickel-cobalt alloys, other nickel-iron alloys, other nickel-copper

alloys, other nickel-tungsten or tungsten alloys, and the like; cobalt-chromium alloys; cobalt-

chromium-molybdenum alloys (e.g., UNS: R30003 such as ELGILOY®, PHYNOX®, and

the like); platinum enriched stainless steel; titanium; combinations thereof; and the like; or

any other suitable material and as described elsewhere herein.

[000300] It should be appreciated that the methods described above may be adapted to

different anatomies. For example, the ipsilateral subclavian could be a point of anchoring in

order to target the ipsilateral vertebral artery. Vertebral arteries are often very tortuous and

benefit from support to push interventional systems through them to target anatomies at

which interventions are to be performed. For example, a tethering device can be positioned

distal to the takeoff of the vertebral artery with the mouth of the tetherable guide-sheath

positioned at the vertebral ostium. In instances when the vertebral arteries are very tortuous,

i.e., weaving in and out of the bony openings of the vertebral column, the implant delivery

catheter can provide "push" to get across these turns, which is particularly beneficial for rapid



access to the site of intervention. According to various implementations, the anchoring

delivery system may facilitate access to all four vessels of the carotid/vertebral arterial

circulation as well as anatomic variants such as the "bovine" arch discussed above. It should

be appreciated that where anchoring point of fixation provided by the anchoring delivery

systems described herein as being the ECA/ICA junction that other bifurcation points are

considered herein.

[000301] Implementations describe anchoring delivery systems and methods of using

anchoring delivery system to deliver working devices to target anatomies. However, while

some implementations are described with specific regard to delivering working devices to a

target vessel of a neurovascular anatomy such as a cerebral vessel, the implementations are

not so limited and certain implementations may also be applicable to other uses. For

example, an anchoring delivery system as described above may be used to deliver working

devices to a target vessel of a coronary anatomy, to name only one possible application. It

should also be appreciated that although the systems described herein are described as being

useful for treating a particular condition or pathology, that the condition or pathology being

treated may vary and are not intended to be limiting. For example, embodiments describe

methods of intracerebral stenting or flow diversion of an aneurysm. However, while some

embodiments are described with specific regard to delivering a stent implant to a

neurovascular anatomy, the embodiments are not so limited and certain embodiments may

also be applicable to other uses. By way of example, methods may allow for the delivery of a

flow diverter or embolic coil implant, and/or to deliver an implant to another anatomy, e.g., a

coronary anatomy. Furthermore, the method may allow for the delivery of retrievable stents

and Stentriever to target anatomies. Use of the terms "embolus," "embolic," "emboli,"

"thrombus," "occlusion," etc. that relate to a target for treatment using the devices and

methods described herein are not intended to be limiting. The terms may be used

interchangeably and can include, but are not limited to a blood clot, air bubble, small fatty

deposit, or other object carried within the bloodstream to a distant site or formed at a location

in a vessel. The terms may be used interchangeably herein to refer to something that can

cause a partial or full occlusion of blood flow through or within the vessel.

[000302] In various implementations, description is made with reference to the figures.

However, certain implementations may be practiced without one or more of these specific

details, or in combination with other known methods and configurations. In the description,

numerous specific details are set forth, such as specific configurations, dimensions, and

processes, in order to provide a thorough understanding of the implementations. In other



instances, well-known processes and manufacturing techniques have not been described in

particular detail in order to not unnecessarily obscure the description. Reference throughout

this specification to "one embodiment," "an embodiment," "one implementation, "an

implementation," or the like, means that a particular feature, structure, configuration, or

characteristic described is included in at least one embodiment or implementation. Thus, the

appearance of the phrase "one embodiment," "an embodiment," "one implementation, "an

implementation," or the like, in various places throughout this specification are not

necessarily referring to the same embodiment or implementation. Furthermore, the particular

features, structures, configurations, or characteristics may be combined in any suitable

manner in one or more implementations.

[000303] The use of relative terms throughout the description may denote a relative position

or direction. 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 establish 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 various implementations.

[000304] While this specification contains many specifics, these should not be

construed as limitations on the scope of what is claimed or of what may be claimed, but

rather as descriptions of features specific to particular embodiments. Certain features that are

described in this specification in the context of separate embodiments can also be

implemented in combination in a single embodiment. Conversely, various features that are

described in the context of a single embodiment can also be implemented in multiple

embodiments separately or in any suitable sub-combination. 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

combination, and the claimed combination may be directed to a sub-combination or a

variation of a sub-combination. 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 particular order shown or in sequential order, or that all illustrated operations be

performed, to achieve desirable results. Only a few examples and implementations are

disclosed. Variations, modifications and enhancements to the described examples and

implementations and other implementations may be made based on what is disclosed.

[000305] In the descriptions above and in the claims, phrases such as "at least one of or

"one or more of may occur followed by a conjunctive list of elements or features. The term



"and/or" may also occur in a list of two or more elements or features. Unless otherwise

implicitly or explicitly contradicted by the context in which it is used, such a phrase is

intended to mean any of the listed elements or features individually or any of the recited

elements or features in combination with any of the other recited elements or features. For

example, the phrases "at least one of A and Β ;" "one or more of A and Β ;" and "A and/or B"

are each intended to mean "A alone, B alone, or A and B together." A similar interpretation

is also intended for lists including three or more items. For example, the phrases "at least one

of A, B, and C;" "one or more of A, B, and C;" and "A, B, and/or C" are each intended to

mean "A alone, B alone, C alone, A and B together, A and C together, B and C together, or A

and B and C together."

[000306] Use of the term "based on," above and in the claims is intended to mean, "based at

least in part on," such that an unrecited feature or element is also permissible.



CLAIMS

What is claimed is:

1. A method of endovascular intervention in neurovascular anatomy of a patient, the

method comprising:

deploying an anchor of a tethering device in an anchoring vessel of a neurovascular

anatomy, wherein the anchor is coupled to a tether extending proximally from the anchor;

advancing a guide-sheath over the tether of the tethering device anchored in the

anchoring vessel and attached to the tether, the guide-sheath comprising at least one lumen

and a distal opening from the lumen;

advancing a treatment device through the lumen of the guide-sheath and out the distal

opening from the at least one lumen and through an entrance of a target intracranial vessel;

and

deploying the treatment device at a treatment site within the target intracranial vessel

without a combined therapy of two or more anti-platelet therapeutic agents during a peri-

procedural period.

2 . The method of claim 1, wherein the target intracranial vessel defines a lumen and

has a lumen wall with an aneurysm.

3 . The method of claim 2, wherein the aneurysm has a neck communicating with the

lumen of the target intracranial vessel.

4 . The method of claim 3, wherein deploying the treatment device comprises

deploying the treatment device at the neck of the aneurysm

5 . The method of claim 4, wherein deploying the treatment device comprises

expanding the treatment device from a low-profile configuration to a high-profile

configuration.

6 . The method of claim 5, wherein when in the high-profile configuration the

treatment device has a longitudinal length that substantially matches a longitudinal length of

the neck.



7 . The method of claim 5, wherein the treatment device is a self-expanding stent

advanced by a self-expanding delivery system or a balloon-expandable stent advanced by a

balloon-expanding delivery system.

8 . The method of claim 5, wherein the treatment device is a flow diverter or a stent

configured to assist in the deployment of a coil in the aneurysm.

9 . The method of claim 8, wherein the flow diverter has vessel coverage of between

30%-35% and a braid count of at least 48.

10. The method of claim 9, further comprising preventing blood flow through the

neck of the aneurysm with the treatment device.

11. The method of claim 6, wherein the longitudinal length of the treatment device

when in the high-profile configuration is between about 1 cm and about 4 cm, or between 4

cm and about 6 cm, or between about 4 cm and about 10 cm, or between about 4 cm and

about 20 cm.

12. The method of claim 11, wherein a collective length the treatment device extends

beyond the neck of the aneurysm being treated is no more than about 1-2 mm.

13. The method of claim 4, wherein the treatment device is limited to a length

sufficient to bridge the neck of the aneurysm without extending substantially beyond on

either side of the neck.

14. The method of claim 13, wherein the aneurysm is located near a perforating

vessel.

15. The method of claim 14, wherein the treatment device avoids extending to the

perforating vessel when bridging the neck of the aneurysm.

16. The method of claim 4, wherein the aneurysm is a ruptured aneurism associated

with subarachnoid hemorrhage (SAH) having a contraindication for dual anti-platelet therapy

(DAPT).

17. The method of claim 16, further comprising treating the patient with a single-anti-

platelet therapeutic agent during the peri-procedural period.

18. The method of claim 17, wherein treating the patient comprises treating the

patient with aspirin-only in the peri-procedural period.



19. The method of claim 4, wherein deploying the treatment device comprises

deploying a first stent device having a first amount of vessel coverage and a first biased

pattern such that at least a portion of the first stent device bridges the neck of the aneurysm

upon expanding the device from a low-profile configuration to a high-profile configuration.

20. The method of claim 19, further comprising deploying a second stent device

having a second amount of vessel coverage and a second biased pattern, wherein the second

amount of vessel coverage is substantially the same as the first amount of vessel coverage.

21. The method of claim 20, wherein the second stent device is deployed inside the

expanded first stent device relative to the first stent device such that the second biased pattern

runs counter to the first biased pattern creating a third amount of vessel coverage at an

overlap region between the first and second stent devices that is greater than either the first or

the second vessel coverage.

22. The method of claim 21, wherein the overlap region has a length that is

substantially the same as a length of the neck of the aneurysm.

23. The method of claim 22, wherein the first and the second amount of vessel

coverage is between about 10%- 15%.

24. The method of claim 23, wherein the third amount of vessel coverage at the

overlap region is between about 20%-30%.

25. The method of claim 22, wherein the length of the overlap region is between

about 2 mm and about 4 mm, or between 4 mm and about 6 mm, or between about 4 mm and

about 10 mm, or between about 4 mm and about 20 mm.

26. The method of claim 25, wherein the length the overlap region extends beyond the

neck of the aneurysm being treated no more than about 2 mm, no more than about 4 mm, no

more than about 6 mm, no more than about 8 mm, or no more than about 10 mm.

27. The method of claim 25, the length of the overlap region is limited to a length

sufficient to bridge the neck of the aneurysm without extending substantially beyond on

either side of the neck.

28. The method of claim 21, further comprising treating the patient with a single anti

platelet therapeutic agent during the peri-procedural period.

29. The method of claim 28, further comprising treating the patient with aspirin-only

in the peri-procedural period.



30. The method of claim 1, wherein deploying the treatment device comprises

deploying the treatment device to treat a narrowing within the target intracranial vessel.

31. The method of claim 30, wherein deploying the treatment device comprises

expanding the treatment device from a low-profile configuration to a high-profile

configuration.

32. The method of claim 31, wherein when in the high-profile configuration the

treatment device has a longitudinal length that substantially matches a longitudinal length of

the narrowing.

33. The method of claim 32, wherein the treatment device is a self-expanding stent

advanced by a self-expanding delivery system or a balloon-expandable stent advanced by a

balloon-expanding delivery system.

34. The method of claim 32, wherein the longitudinal length of the treatment device

when in the high-profile configuration is between about 2 mm and about 4 mm, or between 4

mm and about 6 mm, or between about 4 mm and about 10 mm, or between about 4 mm and

about 20 mm.

35. The method of claim 34, wherein a collective length the treatment device extends

beyond the narrowing being treated is no more than about 2 mm, no more than about 4 mm,

no more than about 6 mm, no more than about 8 mm, or no more than about 10 mm.

36. The method of claim 30, wherein the treatment device is limited to a length

sufficient to bridge the narrowing without extending substantially beyond on either side of

the narrowing.

37. The method of claim 30, further comprising treating the patient with a single anti

platelet therapeutic during the peri-procedural period.

38. The method of claim 37, wherein treating the patient comprises treating the

patient with aspirin-only in the peri-procedural period.

39. The method of claim 1, wherein the treatment device is a stent and the guide-

sheath anchor allows for precise placement of the stent to minimize stent length.

40. The method of claim 1, wherein the treatment device is a balloon expandable stent

and the guide-sheath anchor allows for precise placement of the stent to minimize stent

length.



41. The method of claim 1, wherein the treatment device is a covered or coated stent.

42. The method of claim 1, wherein the treatment device is a pair of overlapping

stents configured to facilitate stent-assisted coiling and flow diversion through the target

intracranial vessel.

43. The method of claim 1, wherein the step of deploying the anchor comprises

forming a first fixation point.

44. The method of claim 43, further comprising attaching the guide-sheath to the

tether of the tethering device forming a second fixation point proximal to the first fixation

point.

45. The method of claim 44, wherein the treatment site is distal to the first fixation

point.

46. The method of claim 45, wherein the treatment device is a balloon-expandable

stent, a self-expanding stent, or a flow diverter.

47. The method of claim 45, wherein the treatment site is an aneurysm.

48. The method of claim 47, wherein the first fixation point is formed in the

anchoring vessel near a bifurcation between the anchoring vessel and a vessel leading to the

treatment site.

49. The method of claim 48, wherein advancing the treatment device through the at

least one lumen of the guide-sheath tensions the tether between the first fixation point and the

second fixation point.

50. The method of claim 1, wherein deploying the anchor comprises deploying the

anchor from a low profile configuration to a higher profile configuration.

51. The method of claim 1, wherein advancing the guide-sheath over the tether

comprises advancing the guide-sheath over the tether such that the tether extends at least in

part through the at least one lumen of the guide-sheath, wherein the lumen through which the

tether extends is the same or different as the lumen through which the treatment device is

advanced.

52. The method of claim 51, wherein the guide-sheath comprises at least a second

lumen, and the tether extends through at least a portion of the second lumen.



53. The method of claim 44, wherein attaching the guide-sheath to the tether

comprises using a tether gripper at the second point of fixation to attach the guide-sheath to

the tether of the tethering device.

54. The method of claim 53, wherein the tether gripper is on one or both of the

tethering device and the guide-sheath.

55. The method of claim 1, further comprising preventing prolapse of the guide-

sheath during deployment of the treatment device.

56. The method of claim 1, further comprising resisting tension stored in the guide-

sheath during deployment of the treatment device.

57. The method of claim 1, wherein the treatment device is a self-expanding stent and

deploying the treatment device at the treatment site comprises unsheathing the self-expanding

stent by withdrawing proximally a constraint.

58. The method of claim 57, further comprising preventing the self-expanding stent

from missing the treatment site during unsheathing.

59. The method of claim 58, further comprising removing the anchor from the

anchoring vessel; and removing the guide-sheath.

60. The method of claim 1, further comprises:

advancing a guidewire near the anchoring vessel; and

exchanging the guidewire for a tethering device.

61. The method of claim 1, wherein the treatment device is a self-expanding stent

and deploying the treatment device at the treatment site comprises unsheathing the self-

expanding stent by withdrawing proximally a constraint.

62. The method of claim 61, further comprising preventing the self-expanding

stent from missing the treatment site during unsheathing.

63. An aneurysm treatment system comprising:

a first stent having a first biased pattern and a first vessel coverage; and

a second stent having the second biased pattern and a second vessel coverage,

wherein the second stent is configured to be positioned in a counter-current manner

within a lumen of the first stent forming an overlap having a third vessel coverage.



64. The treatment system of claim 63, wherein the first and second stent are

configured to be implanted in combination with a coil positioned within an aneurysm.

65. The treatment system of claim 63, wherein the first biased pattern is a first helical

pattern and the second biased pattern is a second helical pattern.

66. The treatment system of claim 65, wherein the first helical pattern is configured to

be oriented along a first current.

67. The treatment system of claim 66, wherein the second stent is configured to be

positioned within the lumen of the first stent upon expansion of the first stent.

68. The treatment system of claim 67, wherein the second helical pattern runs counter

to the bias of the first helical pattern.

69. The treatment system of claim 63, wherein the overlap between the first stent and

the second stent provides the third vessel coverage, the third vessel coverage being greater

than the first vessel coverage or the second vessel coverage.

70. The treatment system of claim 63, wherein a length of the overlap is adjustable.

71. The treatment system of claim 70, wherein the adjustable length of the overlap

allows for tailoring density of the third vessel coverage and a location of the third vessel

coverage relative to anatomy within which the first and second stents are implanted.
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