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Description
Field

[0001] The subject technology relates to prevention of
embolic and ischemic injury (such as ischemia and
stroke) as a consequence of emboligenic event and in-
terventions.

Background

[0002] Arterial embolism, leading to embolic ischemia
or stroke, is one of the most dreadful complications of
cardiac, aortic and vascular procedures, diagnosed in
1-22% of patients undergoing cardiovascular surgery.
Even more frequently, in up to 70% of cases, patients
undergoing heart, valve, coronary artery bypass or aortic
surgery experience subclinical embolic events. These
embolic events lead to cognitive impairment and disabil-
ity, extremity ischemia and multiple organ failure, having
a significant impact on patients’ recovery.

[0003] Themainsources of emboliin this setting reside
in the heart, heart valves, thoracic aorta, and great ves-
sels when these structures are intervened thereon (i.e.
when an emboligenic procedure is performed). Even sim-
ple cardiac catheterization with an endovascular catheter
can induce microtrauma of the atherosclerotic thoracic
aorta leading to formation of embolic particles with sub-
sequent embolic brain, liver, kidney and extremity injury
ranging from

latent ischemic foci to a massive or even fatal event. Mul-
tiple devices are known that attempt to prevent emboli-
zation of the carotid arteries during endovascular and
cardiac interventions by using different types of filters,
deflection devices or endoluminal balloons. These anti-
embolic devices, however, have not received wide ac-
ceptance in surgery of the heart, heart valves and tho-
racic aorta due to their complexity and invasive character
with the risk of additional trauma to the inner vessel wall
resulting in a high risk to benefit ratio. Known devices
require insertion of additional hardware into the arterial
system or aorta, a procedure that is known by itself to be
associated with all classical risks of endovascular inter-
vention, including aortic dissection, bleeding, thrombo-
sis, and arterial embolization. One known intra-aortic fil-
ter device that is inserted into the ascending portion of
the thoracic aorta via an aortic cannula to capture poten-
tial embolic material released from the heart and aortic
wall during heart surgery was found to be quite difficult
to implement and was reported to be associated with
major trauma to aortic wall and acute aortic dissection.

[0004] Asidefromintroducing hardware into the patient
and causing the aforementioned problems, intravascular
filters are not able to capture embolus smaller than the
pore size of the available devices (currently 60-140 pum)
resultingin cerebral microembolization. Furthermore, the
placement of the filter by itself may produce cerebral em-
boli. For example, the mere passing of a guide wire into
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a carotid artery generates approximately 40,000 micro-
emboli, with a significant percentage of small, less than
60 pwm, particles that are not retained by standard filters.
Therefore, in spite of multiple innovations in the field of
anti-embolic devices, the problem of arterial emboli and
stroke during cardiovascular surgery is far from being
resolved. As such, there remains room for variation and
improvement within the art.

[0005] EP 2796099 is state of the art according to Ar-
ticle 54(3) EPC and discloses a device for use in pre-
venting strokes which includes an expandable member
that expands from a non-expanded configuration to an
expanded configuration. The expandable member is lo-
cated in use at a neck of a patient.

Summary

[0006] The invention is defined by the claims.

[0007] Additional features and advantages of the sub-
ject technology will be set forth in the description below,
and in part will be apparent from the description, or may
be learned by practice of the subject technology. The
advantages of the subject technology will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the ap-
pended drawings.

[0008] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the subject technology as
claimed.

Brief Description of the Drawings

[0009] The accompanying drawings, which are includ-
ed to provide further understanding of the subject tech-
nology and are incorporated in and constitute a part of
this description, illustrate aspects of the subject technol-
ogy and, together with the specification, serve to explain
principles of the subject technology.

FIG.1 is a view of the blood vessel with the blood
carrying emboli. The blood vessel branches into the
vessels carrying blood to different areas and organs.

FIG. 2 is a view of the blood vessel, containing em-
boli, where an external compression of its branch,
carrying blood to an organ (such as brain) will divert
potential emboli to another vessel.

FIG. 3 is a schematic representation of the method
of protection from vascular emboli with an option of
an automated external compression of an artery car-
rying blood to an organ.

FIG. 4 represents a mechanism of detection of em-
bolic particles upstream from the organ to be pro-
tected with an automated feedback signaling system



3 EP 3 139 840 B1 4

thatis able to trigger the process of arterial compres-
sion to limit the entry of emboligenic particles into
this organ.

FIGS. 5 and 6 show compression of an artery, trig-
gered by detection of the embolic particles in the
afferent vessel, with subsequent diversion of emboli
into the less important blood vessel.

FIG. 7 shows release of arterial compression once
embolic particles are diverted away from the organ
to be protected on the basis of the negative feedback
mechanism, triggered by disappearance of embolic
particles in the afferent vascular pathway.

FIG. 8 is a front view of a patient with embolic parti-
cles in the heart and ascending thoracic aorta with
a potential for propagation into both carotid arteries
and other vessels with the source of emboli being
diseased aorta, aortic valve and the heart.

FIG. 9 is a front view of a patient with the release of
embolic particles arising in the heart, aortic valve and
aorta, into the systemic circulation, including both
carotid and vertebral arteries, and descending tho-
racic aorta.

FIG. 10 shows accentuation of the process of arterial
embolization during cardiac contraction (systole).

FIG. 11 is a front view of a patient with external com-
pression of both carotid and vertebral arteries that
leads to temporary interruption of the cerebral arte-
rial inflow, protecting the brain from potential emboli.

FIG. 12 is a front view of a patient with external com-
pression of both carotid and vertebral arteries during
cardiac contraction.

FIG. 13 is a front view of a patient with external com-
pression of carotid and/or vertebral arteries by virtue
of an external compression device and mechanism,
actuated by certain physiological parameters.

FIG. 14 is a schematic view of the device for carotid
and vertebral compression, depicted on FIG. 13.

FIG. 15is a cross-sectional view of a neck of a patient
and adevice attached thereto in an unactuated state.

FIG. 16 is a cross-sectional view of a neck of a patient
and a device attached thereto in an actuated state.

FIG. 17 is afront view of a patient with a compression
device in accordance with another exemplary em-
bodiment, leading to selective compression of ver-
tebral arteries.
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FIG. 18 is afront view of a patient with a compression
device for vertebral arteries in accordance with yet
another exemplary embodiment.

FIG. 19is a schematic view of the device for vertebral
compression, similar to the one depicted on FIG. 18,
but carrying features of an additional exemplary em-
bodiment.

FIG. 20is across-sectional view of a neck of a patient
and a device of FIGS. 18 and 19 for selective com-
pression of vertebral arteries attached thereto in an
actuated state with an option of restrictive pad at the
external surface of the compression member.

FIG. 21A is a front view of a patient with a compres-
sion device in accordance with another exemplary
embodiment.

FIG. 21B is a cross-sectional view of a neck of a
patient and a device of FIG.21A attached thereto in
an actuated state when both carotid and vertebral
arteries are compressed.

FIG. 22 is a front view of a patient with another em-
bodiment of the compression device, designed for
selective compression of carotid arteries.

FIG. 23A is a cross-sectional view of a neck of a
patient and a device of FIG.22 attached thereto in
an actuated state with selective compression of ca-
rotid, but not vertebral arteries.

FIG. 23B is a cross-sectional view of the device of
FIG. 23A in a unactuated state.

FIG. 23C is a cross-sectional view of the device of
FIG. 23A in an actuated state.

FIG. 23D is a schematic view of the device of Figs,
23A, 23B and 23C

FIG. 24A is a front view of patient with yet another
embodiment of the anti-embolic compression de-
vice.

FIG. 24B is a cross-sectional view of the device of
FIG. 24A in a partially unactuated state.

FIG. 24C is a cross-sectional view of the device of
FIG. 24A in a fully actuated state.

FIG. 24D is a schematic view of the device of FIG.
24A.

FIG. 25 is a block diagram illustrating a system of
the subject technology.
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FIG. 26 is an exemplary diagram illustrating modules
implementing methods of the subject technology.

Detailed Description

[0010] Inthe following detailed description, specificde-
tails are set forth to provide an understanding of the sub-
ject technology. It will be apparent, however, to one or-
dinarily skilled in the art that the subject technology may
be practiced without some of these specific details. In
other instances, well-known structures and techniques
have not been shown in detail so as not to obscure the
subject technology.

[0011] The subject technology relates to prevention of
emboli and ischemicinjury (such as ischemia and stroke)
as a consequence of emboligenic event and interven-
tions, e.g., on the heart, heart valves, coronary arteries
and aorta. More particularly, the subject technology re-
lates to an external compression method and device that
induce temporary noninvasive external compression of
the blood vessels supplying the organs at risk for embolic
damage. The device can be actuated at the moment of
emboligenic intervention and may be triggered and de-
activated on demand and automatically on the basis of
patient’s physiological parameters and detection of em-
boligenic particles.

[0012] Reference will now be made in detail to embod-
iments of the subject technology, one or more examples
of which are illustrated in the drawings. Each example is
provided by way of explanation of the subject technology,
and not meant as a limitation of the subject technology.
For example, features illustrated or described as part of
one embodiment can be used with another embodiment
to yield still a third embodiment. It is intended that the
present subject technology include these and other mod-
ifications and variations.

[0013] Itistobeunderstood thatthe ranges mentioned
herein include all ranges located within the prescribed
range. As such, all ranges mentioned herein include all
sub-ranges included in the mentioned ranges. For in-
stance, a range from 100-200 also includes ranges from
110-150, 170-190, and 153-162. Further, all limits men-
tioned herein include all other limits included in the men-
tioned limits. For instance, a limit of up to 7 also includes
a limit of up to 5, up to 3, and up to 4.5.

[0014] The subject technology provides for a method
of preventing arterial embolization by diverting emboli
from the circulation to be protected, such as cerebral cir-
culation, arm circulation, leg circulation or else.

[0015] With reference to FIG. 1, a schematic view of a
branching vessel such an aortic arch is shown in which
emboli 8 are transferred from the more proximal arterial
trunk 1, such an ascending aorta, into more distal branch-
es 2 and 3, such as carotid 16, vertebral 12, subclavian
13 arteries causing ischemic injury to the organ they sup-
ply (such as stroke in the case of embolization of cerebral
arteries).

[0016] FIG. 1 shows a hypothetical blood vessel 1
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branching into the blood vessels 2 and 3. The antegrade
flow 5 in the vessel 1 carries blood, containing emboli-
genic particles 8 to different areas in the human body,
including the organ more vulnerable to ischemic injury
(such as brain) - via the blood vessel 3, and less vulner-
able (such as soft tissues) - via blood vessel 2. As shown
on FIG. 1 the emboli 8 entering vessel 1 will follow the
path of branching into the vessels 2 and 3 and will enter
both vessels 2 and 3 proportionally to the magnitude of
flow through these vessels. The more flow would occur
via the blood vessel 2, the more emboli will enter the
organ to be protected (such as brain) leading to serious
ischemic injury (such as stroke).

[0017] FIGS. 2-7 show the disclosed method of diverg-
ing emboli 8 from important structures such as brain by
exerting external pressure 10 on the blood vessel 3 (such
as carotid or vertebral artery) to create an area of the
pressure gradient 9 leading to limitation of the blood flow
5 carrying emboli 8 to the compressed blood vessel 3.
Such compression will lead to flow reversal 7 diverting
emboli 8 into other less important vessel 2. Acceleration
of flow via the blood vessel 2 while the blood vessel 3 is
compressed will lead to a Venturi effect providing addi-
tional force 7 deflecting the emboli 8 from the vessel 3
into the vessel 2. In order to avoid prolonged limitation
of flow to the most important area of the human body
(such as brain) the time of the protective compression of
the blood vessel 2 should be brief. This goal is achieved
by a disclosed method of vascular compression "on de-
mand", i.e. at the brief periods of time when the emboli-
genic particles are released. As shown on FIGS. 3-7 the
detectors of emboli "A" and/or "E" can be placed over the
source of emboli (such as heart, heart valve, aorta, etc.)
or the blood vessels 1 and 3, carrying said emboli to the
target organ (such as brain). The appearance of emboli
in said areas when detected as echogenic signal or as
another physiological parameter(s), reflecting cardiac
ejection and systole (such as EKG, arterial Doppler,
pulse oximetry, arterial waveform etc.) will be recorded
by monitor "B" and will actuate the compression mecha-
nism "C" that would temporarily compress the blood ves-
sel 3 leading to limitation, interruption and/or reversal of
the flow to the organ to be protected. Detection can occur
during and be sensitive to flight of emboli or other debris
in transit within ablood vessel. The length of compression
and its intensity will be recorded by monitoring system
"D" with a capacity of overruling the act of compression
if its length or intensity exceed the safe limit. Thus, a
positive and negative feedback mechanisms will be as-
sured with a potential for an automated auto-regulatory
function of such a device.

[0018] Once the emboli 8 disappear from the inflow
vessel 1 and/or deflected from the blood vessel 3 into
the blood vessel 2, the detectors "A" and/or "E" will signal
such events to the device "B", that in turn will provide
negative feedback to the device "C" thus interrupting the
act of compression 10 and restoring circulation via the
blood vessel 3 to the organ to be protected (such as
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brain). Considering the fact that the majority of embolic
events leading to the organ damage and stroke in cardi-
ovascular procedures are very short, this method and
system appear to be feasible and reliable, thus providing
anti-embolic protection at the moments of surgery when
the risk of embolism is maximal, while restoring circula-
tion to such organs when the risk of embolism is minimal.
The process of vascular compression alternating with
vascular release can be repeated on multiple occasions
throughout the course of cardiovascular procedure or a
cardiac cycle.

[0019] The emboli 8 (FIG. 1) may be fragments of
atherosclerotic plaque 19 (Figs. 8, 9) of the ascending
thoracic aorta that become dislodged during surgical or
catheter manipulations on the aorta. Also shown in FIGS.
8 and 9 is calcification of the aortic valve 15 and intra-
cardiac embolic particles 20 of the heart 11 that can also
be the origin of emboli 17 eventually present in any artery
such as the carotid artery 16 or vertebral artery 12. The
intra-cardiac emboli 20 may include air, gas, thrombi and
atherosclerotic materials. Although all of the various em-
boli in the heart 11, aorta and aortic valve 15 need not
be present in all instances, they are all shown in FIGS.
8 and 9 for sake of example. Trauma to the heart 11,
aortic valve 15 and aortic structures during placement
and removal of items such as an aortic clamps,
guidewires, catheters, balloons and electrophysiological
instruments, along with manipulations such coronary ar-
tery bypass grafting, aortic and mitral valve replacement,
catheter ablation, endovascular grafting of the aorta, per-
cutaneous implantation of the aortic or mitral valves, en-
dovascular manipulations on the aorta, aortic branches
and the heart 11 may give rise to the presence of emboli
17 in the carotid arteries 16, vertebral arteries 12, and
subclavian arteries 13. Critical moments of the aforemen-
tioned procedures (for example during the aortic cross
clamp manipulation, aortic valvuloplasty or valve implan-
tation, coronary interventions, and endovascular proce-
dures on the aorta) may cause emboli 17 to form and
cause stroke and are referred to as emboligenic events.
[0020] The method and system described can be also
applied for prevention of venous and pulmonary artery
emboli. In this case the detection of the moving venous
thrombus/embolus traveling from the peripheral vein to-
ward the heart and pulmonary artery may initiate the
measures for prevention of embolism by virtue of com-
pression of the veins on its path, and signaling and initi-
ating of other measures of prophylaxis of pulmonary em-
bolism if necessary (such as deployment of the embolic
trap or starting thrombolytic therapy).

[0021] A device similar to the embodiments depicted
in FIGS. 13-24 may be placed around the part of the body
containing the target vessel that is noninvasive and can
include avascular compression member(s) 27 and/or 27-
V applied to the area of the artery at the certain angle
(ranging from 0 to 90) to the axis of the artery. The device
may comprise a transverse vascular compression mem-
ber 32. The members 27, 27-V and 32 can be converted
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from an unactuated state to an actuated state in which
the members 27, 27-V and 32 create an area of com-
pression 23 and 23-V at the target arteries such as carotid
(16), vertebral (12), subclavian (13) or femoral or any
other hypothetical vessel 2 to limit blood flow there-
through into the circulation to be protected such as cer-
ebral or any other circulation. Emboli 8, 17, 18, 20 that
are formed in the patient secondary to emboligenic inter-
vention are diverted into a descending aorta 14 and other
less important vascular structures.

[0022] AsshowninFIG.9the emboligenic particles 18
and 20, formed in the heart 11, aortic valve 15 and aorta
may enter the carotid arteries 16 and vertebral arteries
12, thus becoming cerebral emboli 17 leading to obstruc-
tion of cerebral circulation and stroke. As shown on FIG.
10, the degree of embolization may significantly increase
at the time of cardiac contraction (systole) when intra-
cardiac (20) and aortic (18) particles are forcefully ejected
into the systemic circulation, leading to a massive entry
of emboli 17 into the carotid 16 and vertebral 13 arteries.
With respect to our method of anti-embolic protection dis-
closed above it seems to be feasible to protect cerebral
circulation by applying temporary pressure on the carotid
and, if needed, vertebral arteries for the brief period of
time when the risk of embolization is maximal (Fig. 11).
Using detectors of potential emboligenic particles and
emboli in the heart (by ECHO), aorta and its branches
(as assessed by Doppler ultrasound) with timely signal-
ing and immediate initiation of the protective compres-
sion of the target blood vessels such as carotid arteries
16 and/or vertebral arteries 12 will lead to temporary lim-
itation of the blood inflow such as carotid and/or vertebral
flow, thus protecting the organ, such as brain, from em-
bolic load. Upon creation of the areas of vascular com-
pression 23 (carotid) and 23-V (vertebral), arelative pres-
sure gradient and a "no-flow" or "low-flow" condition is
produced in the proximal segments of the compressed
arteries such as carotid 16 and vertebral 12 arteries that
prevents emboli 18 from entering the circulation to be
protected such as cerebral circulation. The proximal ca-
rotid 16 and vertebral 12 arteries are areas of said arteries
upstream from the areas of compression 23 and 23-V
that have interrupted or diminished blood flow due to the
compression. Potential cerebral vascular emboli such as
emboli 18 are diverted into the more distal vessels such
as descending aorta 14 and are illustrated as emboli 21.
The thin arrow at the level of aortic arch on FIG. 11 shows
preferential direction of the blood flow that carries poten-
tial embolisuch as cerebral emboli 17 into the descending
aorta 14 when the areas of compression 23 and 23-V are
created. To protect the brain from an augmented embolic
load at the time of cardiac systole (Figs. 12 and 13) we
disclose a method of carotid 16 and/or vertebral 12 com-
pression synchronized with systolic phase of cardiac ac-
tivity. The compression system 49 (box C on FIG. 7) is
actuated and deactuated by the device 58 (Box B) de-
pending on the phase of cardiac activity. Thus, the timing
of the vascular compression 23 and 23-V in order to limit
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the inflow of emboli 17 can be triggered by electrophys-
iological, hemodynamic and/or pulse-oximetric indices
of cardiac contraction, received and processed by the
detector 58. On the other hand, the deactuation of the
compression in order to restore arterial perfusion to the
brain may be triggered by the same indices, but in the
phase of cardiac relaxation.

[0023] FIGS. 13-16 disclose an exemplary embodi-
ment that can selectively limit flow to either carotid 16 or
vertebral arteries 12, or if necessary, limit flow to all or
any combination of these vessels. Said device can be
used to create the areas of compression 23 and 23-V as
previously described to deflect emboli 18 and 20 from
the target arteries such as carotid arteries 16 and verte-
bral arteries 13. The goal of this compression is to prevent
the entry of emboli in the circulation to be protected such
as cerebral circulation. The device can be positioned on
the neck of the patient so that a pair of straps 33 and 43
extend around the neck of the patient and are secured
to one another via hooks 44 and loops 45 that form a
hook and loop type arrangement. However, it is to be
understood that other mechanisms of securing the straps
33 and 43 to one another are possible and that the dis-
closed arrangement is only one exemplary embodiment.
Securement of the hooks 44 and loops 45 causes the
device 26 to be retained onto the body part such as the
neck of the patient. This retention may be loose so that
the device 26 has some room to give on the body part
such as the neck, or the retention may be of a tightness
that firmly secures the device into the body part such as
the neck and prevents same from moving or twisting. The
compression device may be a neck collar 26, combina-
tion of compression elements, bars, levers, pads, inserts
and screws to provide compression of the target vessel
in accordance with various exemplary embodiments. In
other arrangements the compression device 26 may be
a strap that lays on the front of the body part to be pro-
tected such as the neck of the patient, or may be made
of multiple components that are not directly attached to
one another but are positioned proximate to the neck of
the patient. The device 26 may include two semi-oval
halves that may be positioned around body part of the
patient such as the neck or extremity of the patient in
accordance with one exemplary embodiment. The de-
vice 26 need not be circular in shape. Even if the device
26 is not circular in shape it may still have a central axis
56 (Fig. 23A) as the central axis 56 can be located at the
center of the vessel and the body part to be protected
such as a carotid artery and the neck of the patient and
thus may still be a central axis 56 of the device 26.
[0024] With reference in particular to FIGS. 23B, 23C
and 23D, a pair ofinsertion pockets 41 and 42 are present
on the device 26 and may be sealed at their tops and
bottoms with respect to the vertical direction 55. As used
herein, the vertical direction 55 may be the direction of
the device 26 that is parallel to the direction of extension
of the central axis 56. Strap 33 may extend from the first
insertion pocket 41, and strap may extend from the sec-
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ond insertion pocket 42. The first insertion pocket 41
forms a cavity into which a first vascular compression
member 27 is located. Member 27 is shown in a relaxed
or unactuated state in FIG. 23 and may be made of a
flexible material that can be stretched or otherwise de-
formed. The material making up member 27 can be non-
porous such that member 27 is capable of being filled
with gas or liquid that enables the member 27 to expand
and at the same time hold the gas or liquid therein. The
pocket 41 may be made of a material that s different than
the material making up member 27.

[0025] The second insertion pocket 42 forms a cavity
into which the second vascular compression member 46
is retained. Member 46 may be configured in a manner
similar to member 27 and a repeat of this information is
not necessary. Member 46 may be completely sealed or
connected to an opening that leads into connecting tube
54. Member 46 is in an unactuated state in FIG. 23B.
Similarly, for compression of vertebral arteries 13 two
insertion pockets 41-V and 42-V may be created. Said
pockets may contain compression members 27-V and
46-V and other components to facilitate arterial compres-
sion as described in previous paragraphs. If necessary,
only vertebral compression members can be actuated
(Fig. 17). The specific anatomic location of the vertebral
compression members is disclosed and should corre-
spondtothelevel of the C5-C7 vertebrain orderto assure
adequate compression of the vertebral arteries 13
against the body of C-7 (Figs. 16 and 20). In other em-
bodiments, however, only the carotid (Figs. 22 and 23A)
or, conversely, only vertebral (Figs. 18-20) compression
members could be present. Other arrangements and
combinations of compression members are possible in
order to achieve selective compression of any combina-
tion of the carotid and vertebral arteries. Some of these
embodiments are shown on FIGS. 17-23.

[0026] A pressure or compression source 49 is includ-
ed and is placed into communication with the first vas-
cular compression member 27 by the way of tubing 29
that extends through a port of member 27. A manometer
30 may be included in the device 26 at some point be-
tween the member 27 and the pressure/compression
source 49 in order to monitor and measure pressure in
the system. A detector of emboli and/or EKG, pulse
oxymeter, arterial waveform monitor 58 can be bundled
with the pressure source 49 to assure an option of initi-
ation of the vascular compression once the potential em-
boli are ejected or anticipated. FIGS. 23C and 23D illus-
trate the device 26 once the pressure/compression
source 49 is activated in order to cause the device 26 to
be pressurized. The pressure source 49 may be a pump
that injects air, gas or liquid, such as water, through the
pressure tubing 29. Injection of air or otherwise increas-
ing the pressure causes the first vascular compression
member 27 to expand. Due to fluid communication
through the connecting tube 54, the second vascular
compression member 46 will likewise expand and the
two members 27 and 46 may expand at the same rate
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to the same size. Expansion may be in the radial direction
57 such that the expandable members 27 and 46 expand
towards the central axis 56 and away from the central
axis 56. In some exemplary embodiments, the members
27 and 46 may expand in the radial direction 57 towards
the central axis 56 but not in the radial direction 57 away
from the central axis 56. This arrangement may be ac-
complished by making portions of the compression mem-
bers 27 and 46, for example the portions facing away
from the central axis 56 in the radial direction 57, such
that they cannot expand while the portion facing towards
the central axis 56 are in fact expandable. Said arrange-
ments can be also applied to the vertebral compression
elements 41-V, 42-V, 46-V and 27-V and their repetition
of them is not necessary.

[0027] The compression members 27 and 46 as well
as 27-V and 46-V may be inflated to a pressure level that
is just above the level of the patient’s arterial pressure to
achieve temporary limitation or interruption of the arterial
blood flow. The arteries to be protected such as both the
left and right carotid arteries 16, left and right vertebral
arteries 12, and if needed, femoral and brachial arteries
can be compressed at the same time or separately and
in any combination.

[0028] Additionally or alternatively, the insertion pock-
ets 41, 42 and 41-V, 42-V could have portions that are
made of different materials so that the parts facing the
central axis 56 in the radial direction 57 are expandable
while the parts facing away from the central axis 56 in
the radial direction 57 are not expandable. The compres-
sion members 27, 27-V and 46, 46-V are elongated in
the vertical direction 55, which is the same direction as
the central axis 56. However, it may be the case that
upon expansion of the expandable members 27, 27-V
and 46, 46-V from the unactuated to the actuated states
the expandable members 27, 27-V and 46, 46-V do not
expand in the vertical direction 55. Moreover the com-
pression members may not be expandable at all and may
exert compression into the underlying vascular structure
by virtue of tightening of their attachment apparatus or
external straps.

[0029] The exemplary embodiment of the device 26 in
FIGS. 23A-23D does not include a transverse vascular
compression member 32 but instead includes only two
compression members 46 that can be expandable. The
device 26 may be placed onto the patient so that the first
longitudinal compression member 27 overlays the artery
to be protected such as a carotid artery 16, or both carotid
and vertebral artery 12 (Figs. 21A and 21B) such that the
artery is located between the central axis 56 and the
member 27 in the radial direction 57. However, other ar-
teries such as subclavian, or femoral and brachial artery
canbe compressed inasimilar manner. Ifneeded second
vascular compression member 46 and 46-V may be laid
on top of the other artery such as carotid artery 16 and
vertebral artery 12, such that the second artery is likewise
between the member 46 and 46-V and the central axis
56 in the radial direction 57. Expansion forces of the ex-
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pandable members 27 and 46 and 27-V, 46-V or the outer
compression forces on non-expandable or partially ex-
pandable members 27, 27-V and 46, 46-V may be im-
parted onto the target arteries such as carotid arteries
16 and vertebral arteries 12 so that they are compressed
thus forming the areas of compression 23 and 23-V as
previously discussed. The pressure at the compression
members 27, 27-V and 46, 46-V may be set so as to
exceed the patient’s systemic pressure to achieve ade-
quate compression of the carotid arteries 16 and verte-
bral arteries 12 to have a transient "no-flow" or "low-flow"
effect. In some arrangements the pressure of the mem-
bers 27, 27-V, 32 and/or 46, 46-V may exceed the pa-
tient’s systemic pressure by 10-20 mm Hg, or up to 30
mm Hg and even higher in accordance with certain ex-
emplary embodiments. Once the emboligenic part of the
procedure is completed, the pressure in members 27 and
46 may be releasedin order to establish adequate arterial
flow, such as carotid, brachial or femoral arterial flow.
The release of pressure can also be triggered by disap-
pearance of embolic particles in the heart chambers (as
detected by cardiacECHO), aorta (as detected by arterial
Doppler), carotid and cerebral arteries (as detected by
carotid Doppler ultrasound and transcranial Doppler) and
by the indices of cardiac relaxation (diastole) as reflected
by EKG, pulse oximetry, arterial pressure waveform and
other indices.

[0030] An automated self-regulating compression-re-
laxation mechanism or system is thus possible, allowing
for real-time monitoring and anti-embolic protection dur-
ing cardiovascular interventions. Such mechanism or
system would include the elements A, B, C, D and E as
depicted in FIGS. 1-6 with a feature of a fully automated
vascular compression-relaxation depending on the em-
bolic load and the phase of cardiac cycle.

[0031] Another exemplary embodiment of the device
26 is illustrated in FIGS. 24A-24D. The device 26 in this
exemplary embodiment also functions to compress the
carotid arteries 16 to create the areas of compression
23. The device 26 includes a first insertion pocket41 and
a second insertion pocket 42 but lacks first and second
vascular compression members 27 and 46. Instead a
first compression member 52 is located within the first
insertion pocket 41, and a second compression member
53 is located within the second insertion pocket 42. The
compression members 52 and 53 are not expandable
but may be made of a material, such as foam, that can
be compressed and then can subsequently expand back
into its original shape. The compression members 52 and
53 may alternatively be made of a material that does not
exhibit any give upon the application of forces thereto
that would be encountered in a procedure of the type
described herein. The compression members 52 and 53
may be elongated in the vertical direction 55 and may
have a convex shape that faces the central axis 56. The
shape of the compression members 52 and 53 at their
surfaces that face away from the central axis 56 in the
radial direction 57 may be different than those that face
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towards the central axis 56.

[0032] The device 26 may include a transverse carotid
compression section 31 that is located outward from the
compression members 52 and 53 in the radial direction
57 from the central axis 56. A transverse carotid expand-
able member 32 may be held by the section 31 and can
have an arc length about the central axis 56 that extends
beyond both of the compression members 52 and 53.
The transverse carotid expandable member 32 has a
height in the vertical direction 55 that is the same as,
larger or smaller than the height of the compression mem-
bers 52 and 53 in the vertical direction 55. The member
32 is made of a material that will hold air, gas or liquid
such thatit can be expanded upon the application of fluid
thereto. The member 32 has a single port that is in fluid
communication with the pressure tubing 29. Application
of pressure to the member 32 will cause the member 32
to expand as shown for example in FIGS. 24C and 24D.
In otherembodiments, the compression members 52 and
53 can be removed and not present so that only the ex-
pandable member 32 is present to compress the carotid
arteries 16.

[0033] The transverse carotid compression section 31
can be arranged so that all of it is expandable or so that
only a portion of it expands as the member 32 expands.
Boundary lines 50 and 51 may demarcate areas of the
transverse carotid compression section 31 that can ex-
pand from those that cannot expand. For example, the
portion of section 31 radially outward from the boundary
lines 50 and 51 may not be capable of expansion while
the portions of section 31 radially inward from boundary
lines 50 and 51 are capable of stretching and thus ex-
panding or contracting. This arrangement may cause ex-
pansion only, or primarily, in the radially inward direction
upon expansion of the expandable member 32. In other
embodiments, the section 31 is made of the same ma-
terial and exhibits expansibility such that it generally ex-
pands in all directions equally. The expandable member
32 may be arranged so that it does not lengthen in the
vertical direction 55 upon expansion, orin some arrange-
ments only minimally expands in the vertical direction 55
when actuated.

[0034] Placementofthe device 26 onto the patient may
result in the first compression member 52 overlaying the
target artery such as carotid artery 16 femoral or brachial
artery so that the artery to be compressed is between
compression member 52 and the central axis 56 in the
radial direction 57. The second compression member 52
will be arranged so that it overlays the second carotid
artery 16 causing it to be between the second compres-
sion member 52 and the central axis 56 in the radial di-
rection 57. The expandable members 27, 32 and 46 may
be located at the neck, upper chest, shoulder, lower ab-
domen or an extremity of the patient such that they are
secured to the neck or extremity or otherwise proximate.
The compression members 27, 32 and 46 need not be
in direct contact with the body part of the patient such as
the neck, chest, abdomen or extremity but only located
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near them. Application of pressure via the pressure
source 49 causes the transverse compression member
32 that may be expandable to exert pressure in the radial
direction 57. Thisinward radial pressure causes the com-
pression members 52 and 53 to move inwards and be
urged against the target vessels such as carotid arteries
16, femoral, brachial or other compressible arteries. The
positioning and configuration of the members 52 and 53
function to impart compressive forces onto the arteries
to be compressed such as carotid arteries 16, femoral,
brachial or other arteries when the device 26 is pressu-
rized thus resulting in the creation of the areas of com-
pression 23. The other components of the device 26 may
be made as those previously described and a repeat of
this information is not necessary.

[0035] Although described as lacking first and second
longitudinal vascular compression members 27 and 46,
an alternative arrangement may be made in which these
members 27 and 46 are present. Insuch an arrangement,
the expandable members 27 and 46 may expand in order
to press the compression members 52 and 53 towards
the arteries to be compressed such as carotid arteries
16, femoral, brachial or other compressible arteries.
[0036] Moreover,itcan also be arranged for compres-
sion of the vertebral arteries 12, or both vertebral 12 and
carotid 16 arteries by adding additional compression
members in the same arrangement as described above.
[0037] An alternative exemplary embodiment of the
device 26 would be the one in which both a pair of lon-
gitudinal vascular compression members 27 and 46 are
present along with a transverse vascular compression
member 32. A pair of compression members 52 and 53
may be missing from this embodiment, or they may be
presentin certain arrangements. This exemplary embod-
iment may include additional pressure tube lines 47 and
48 that are separate from pressure tubing 29 that actu-
ates the transverse vascular compression member such
as carotid compression member 32. Pressure tube lines
47 and 48 provide pressure to the first and second lon-
gitudinal vascular compression members 27 and 46 so
that these members 27 and 46 can be actuated at differ-
entrates, amounts, and/or times than compression mem-
ber 32. This flexibility provides selective pressure adjust-
ments between the transverse vascular compression
member 32 and longitudinal vascular compression mem-
bers such as carotid members 27 and 46. This feature
will provide an option to decrease or completely eliminate
the degree of circumferential compression of the body
partsuch as the neck or extremity when selective inflation
of the longitudinal vascular compression members is ad-
equate. Conversely, if inflation of longitudinal compres-
sion members such as carotid members 27 and 46 does
not lead to sufficient reduction of the arterial flow, an ad-
ditional inflation of the transverse vascular compression
member such as carotid member 32 would allow one to
achieve the desired effect by combining the effect of pres-
sure created in all of the members described.

[0038] The preferred method of an arterial compres-



15 EP 3 139 840 B1 16

sion in this case, for example - compression of the carotid
and vertebral arteries, will be an initial inflation of longi-
tudinal members 27 and 46, followed by inflation of mem-
ber 32 when necessary. The degree of interruption of the
arterial flow in this and other embodiments can be
checked by the data of arterial Doppler, distal pulsation
and oximetry as wells as other techniques of assessment
of distal perfusion. The other components of the device
26 are the same as those previously disclosed with re-
spect to other embodiments and a repeat of this informa-
tion is not necessary.

[0039] An alternative exemplary embodiment of the
device 26 that is being disclosed is similar to that previ-
ously disclosed with respect to FIG. 23 and 24 and a
repeat of the features and functionality that are similar
between the two need not be repeated. The pressuriza-
tion of the members 27, 32 and 46 are different in that
the second pressure tube 47 feeds into the first longitu-
dinal vascular compression member 27, and in that the
third pressure tube 48 supplies the second longitudinal
vascular compression member 46 to allow the members
27 and 46 to be pressurized independently from one an-
other. In this regard, one can apply more or less pressure
to member 27 than member 46 so that compression of
the arteries, such as carotid arteries 16 or femoral and
brachial arteries can be more precisely controlled. The
transverse vascular compression member 32 is supplied
by pressure tubing 29 and is independent from the ex-
pansion of members 27 and 46 such that it can be pres-
surized to a greater or lesser extent than members 27
and 46. The manometer 30 may be capable of measuring
pressures in all of the lines 29, 47 and 48 so that their
individual pressures can be monitored. In use, one may
adjust the pressures in members 27 and 46 first, then
subsequently if needed one may apply pressure into
member 32 to cause its actuation so that adequate com-
pression of the carotid arteries 16 is realized.

[0040] The ports for the pressure lines 47 and 48 may
be located at the bottom of the expandable members 27
and 46 in the vertical direction 55. However, the ports for
pressure lines 47 and 48 need not be in the disclosed
locations in accordance with other exemplary embodi-
ments and may be above the transverse carotid com-
pression section 31 or at the same location as the section
31 in the vertical direction 55 in other exemplary embod-
iments. The insertion pockets 41 and 42 although de-
scribed as being sealed may have an opening into which
the expandable members 27 and 46 may be removed
and into which first and/or second compression members
52 and 53 may be inserted so that the device 26 can
function with the compression members 52 and 53 and
transverse carotid expandable member 32 as previously
discussed.

[0041] The arrangement of the device 26 in this case
includes a pair of longitudinal vascular compression
members 27 and 46 along with a transverse vascular
compression member 32. The circumferential distance
about the central axis 56 may be the circumferential dis-
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tance about the neck or extremity of the patient when the
device 26 is worn by a patient and thus these two terms
can be interchangeable when discussing the arc length
of the member 32. In other exemplary embodiments, the
arc length of the member 32 may be from 50-65% (180
degrees - 234 degrees) about the circumference of the
body part of the patient, from 25%-50% (90 degrees -
180 degrees) about the circumference of the body part
patient, or from 15%-25% (54 degrees - 90 degrees)
about the circumference of the body part of the patient.
In yet other exemplary embodiments, the member 32
may extend 360 degrees completely about the body part
of the patient.

[0042] The longitudinal vascular compression member
such as carotid compression members 27 and 46 are
closer to the central axis 56 in the radial direction 57 than
the transverse compression member 32 is to the central
axis 56. Comparison of FIGS. 6C and, using a device for
compression of the carotid arteries as an example, dem-
onstrates that the lengths of the members 27, 32 and 46
do not increase in the vertical direction 55, or in the arc
length direction, upon moving from the unactuated ori-
entation to the actuated orientation or only slightly ex-
pand in these directions upon actuation. The majority of
the expansion may be in the radial direction 57 either
towards the central axis 56 or away from the central axis
56 or a combination of the two. In other arrangements,
however, expansion of the members 27, 32 and 46 may
result in equal expansion in all directions. As previously
stated, various components of the device 26 may be ar-
ranged and function in a manner similar to those as pre-
viously discussed and a repeat of this information is not
necessary.

[0043] FIGS. 13-22 disclose modifications of the ge-
ometry of the vascular compression members 27 and 46
with respect to the geometry and anatomy of the patient
in order to achieve compression of carotid and/or verte-
bral arteries in any combination.

[0044] FIGS. 15, 16, 20, 21B, and 23A demonstrate
the method of use and the effect of inflation of the vascular
compression device such as device 26 and it's different
embodiments resulting in external compression of carot-
id arteries 16 and/or vertebral arteries 12 leading to tran-
sient interruption of carotid and/or vertebral flow. These
figures demonstrate the anatomic relationship of the de-
vice 26 to carotid arteries 16, vertebral arteries 12 and
surrounding structures 34, 35, 36, 37 and 40. The carotid
arteries 16 are bordered by neck muscles 36, esophagus
35, trachea 34 and fat tissues 40. These structures pro-
vide a protective cushion, minimizing the risk of the ca-
rotid and vertebral artery injury during external compres-
sion. In fact, an external compression of arteries 16 and
12 in this setting would lead to significantly lower risk of
injury to carotid intima than intravascular carotid occlu-
sion with the balloon or umbrella devices used for cere-
bral protection in patients undergoing carotid stenting.
The longitudinal carotid (42, 46) and/or vertebral (42-V,
46-V) expandable members are positioned along the
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course of both carotid arteries 16 and/or vertebral arteries
12 on the neck. Similar considerations are applicable to
protective compression of all other compressible arteries
such as femoral and brachial arteries and the repeat de-
scription of identical processes is not necessary.
[0045] The exemplary embodiment of the device 26
may be any one of those previously disclosed that lacks
a transverse carotid expandable member 32. However,
it is to be understood that this is just one example and
that other devices 26 thatinclude member 32 can function
in a similar manner to the device 26 disclosed in FIGS.
8A and 8B. As shown in FIG. 15, 16, 20, 21B, and 23
longitudinal vascular compression members are placed
along the course the target arteries such as carotid and/or
vertebral artery, or brachial and femoral artery, or any
other combination of compressible vessels. The lumen
of the target arteries such as carotid or vertebral arteries
is compressed between the vascular compression mem-
bers anteriorly (outward in the radial direction 57) and
the cervical spine 37 (or brachial and femoral bones in
the case of the arteries of the extremities) posteriorly (in-
ward in the radial direction 57). Actuation of the members
27 and 46 and/or 27-V, 46-V cause the members to move
radially inward and compress fat tissue 40 that is imme-
diately adjacent the device 26. | the case of the carotid
artery compression the vascular compression members
27 and 46 are shown moving in the radial direction 57
inward of portions of the trachea 34 and neck muscles
36 so that portions of the vascular compression members
27 and 46 are closer to the central axis 56 in the radial
direction 57 than portions of the trachea 34 and neck
muscles 36. Full expansion of the vascular compression
members 27 and 46 may result in inward radial move-
ment so that they are not radially closer to the axis 56
than any portion of the esophagus 35. However, other
embodiments are possible in which at least some portion
of the vascular compression members 27 and 46 are
closer to the central axis 56 than a portion of the esopha-
gus 35. Actuation of the compression members 27-V and
46-V achieve similar compression of the vertebral arter-
ies against the cervical spine, that would be most efficient
at the level of C5-C7 vertebrae.

[0046] The softtissues such as the fat tissues 40, neck
muscles 36, esophagus 35 and trachea 34 around carotid
arteries 16 provide a smooth cushion assuring adequate
protection against carotid trauma. Same considerations
will hold true in the case of compression of the arteries
of upper and lower extremities and the repetition of them
is not necessary. In the case of protection of both carotid
arteries, the actuation of the members 27, 46 and/or 27-
V, 46-V causes the areas of compression to restrict blood
flow through the carotid arteries 16 and/or vertebral ar-
teries 12 which leads to transient limitation or interruption
of cerebral flow. The trachea 34 and esophagus 35 are
not closed or restricted upon actuation of the expandable
members 27 and 46 due to the placement and specific
configuration of said expandable members. The fact that
in most cases this maneuver is performed while the pa-
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tientis intubated and sedated makes the risk of compres-
sion of trachea minimal. Performing the same procedure
on the ambulatory basis, however, or while the patient is
not intubated, may prove to be hazardous. However, in
some arrangements some degree of restriction of the
trachea 34 and/or esophagus 35 may occur and is con-
sidered acceptable in the setting of general anesthesia
with endotracheal intubation and mechanical ventilation.
It is advisable, however, to obtain Duplex scan in all pa-
tients planned for this procedure to rule out significant
atherosclerotic disease of these vessels, especially if ca-
rotid arteries 16 are compressed. The mere presence of
carotid artery disease in these patients should be con-
sidered a contraindication to carotid compression due to
increased risk of carotid atherosclerotic plaque injury
leading per se to distal cerebral embolization and stroke
i.e. defeating the purpose of such a procedure.

[0047] The divergence of potential distal emboli such
as cerebral emboli 17, 18 and prevention of ischemic
organ injury such as stroke can be achieved by a nonin-
vasive safe method that involves external compression
of the vessel, such as carotid, vertebral or some other
arteries and veins, carrying said emboli. The method and
device 26 disclosed do not require puncture of the skin
or vessels and do not necessitate the use of endovascu-
lar devices. The device 26 and disclosed method allow
forthe divergence of emboli such as carotid and vertebral
emboli 17 and 18 of all sizes, including those microscopic
particles that are too small to be trapped with the known
intravascular filters.

[0048] Various types of mechanisms capable of com-
pressing the carotid arteries 16, vertebral arteries 12 and
other vessels can be included in the device 26 in addition
to or alternatively to those previously discussed. For ex-
ample, the device 26 can be supplied with different vas-
cular compression mechanisms, including different
forms and shapes of longitudinal or transverse bladders,
cuffs, compression pads or inserts with the same effect
of vascular compression to the point of transient limitation
or interruption of blood flow. The fluid provided to pres-
surize the expandable components of the device 26 from
the pressure source 49 may be a liquid substance in
some embodiments. Fluid that is a liquid may be used in
the device 26 to effect pressurization and more uniform
constriction of the carotid arteries 16 than gas or air fluid
because liquid is more non-compressible at the operating
range of pressures. Liquid fluid in the members 27, 32
and 46 may more directly transmit pressure to the carotid
area than gas or air fluid.

[0049] Further, although shown as employing a single
pressure source 49, it is to be understood that multiple
pressure sources of different types may be used. For
instance, the transverse carotid expandable member 32
may be pressurized by a first pressure source 49 such
as a pump, tightening or direct compressing mechanism
while a second source of pressure of similar types is in-
cluded in the device 26 to provide pressure to the two
longitudinal vascular compression members 27 and 46.
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[0050] A monitoring system 58 may be included with
the device 26 to assure a safe, adequate, easily man-
ageable and controllable compression of carotid, verte-
bral and other vessels. The monitoring system 58 may
comprise Doppler ultrasound, Doppler probe, oscilloto-
nometry, electroencephalography, transcranial Doppler,
cerebral oximetry and/or other techniques. The device
26 may be actuated to such a degree that the one, two
ormore areas of vascular compression formed complete-
ly stop the flow of blood into the distal artery such as
carotid artery 22, or to an extent that partial flow of blood
passes through the areas of compression 23 and into the
distal artery such as carotid artery 22.

[0051] The device 26 provided is a noninvasive and
precise apparatus with an option of assessing a degree
and an effectiveness of an interruption of the arterial flow
by the optional inclusion of a monitoring system 58. The
device 26 assures a uniform and reproducible interrup-
tion or limitation of the arterial flow bilaterally minimizing
the risk of trauma to the artery compressed such as ca-
rotid and vertebral artery and subsequent distal emboli,
such as cerebral emboli 17. An alarm system 59 can be
included in the device 26 that is triggered by excessive
or lengthy compression of the target artery, such as ca-
rotid arteries 16, brachial or femoral arteries. The alarm
system 59 may be a part of the monitoring system 58 or
may be a different component that is not part of the mon-
itoring system 58. The alarm system 59 may thus meas-
ure the time of compression, and the magnitude of com-
pression. Constant monitoring of arterial, such as carotid
16, brachial or femoral and systemic arterial and device
26 pressures with pressure in the device 26 exceeding
only slightly the pressure in the arterial system may be
conducted to ensure safe operation and use of the dis-
closed device 26. The device 26 provides a noninvasive
compression apparatus that does not require the inser-
tion of intravascular devices.

[0052] A method for reducing or totally preventing cer-
ebral emboli will now be discussed. A brief compression
of arteries to be protected from emboli, such as carotid
arteries 16 and vertebral arteries 12 by way of a device
26 may be performed first to assure adequate position
of the device leading to reduction or interruption of flow
or pulse through said artery as assessed by carotid Dop-
pler, a pressure gauge, percutaneous cerebral oximetry
or transcranial Doppler.

[0053] Once an adequate position of the device 26 is
confirmed, the pressure in the vascular compression
components (27, 32, 46 and/or 27-V, 32-V, 46-V) is re-
leased and the apparatus 26 is ready for use. The device
26 is inflated to the pressure exceeding patient’s system-
ic pressure just before proceeding with the emboligenic
part of the procedure. Adequate compression of the tar-
get arteries such as carotid arteries 16 will lead to diver-
gence of blood and emboli away from the vessels to be
protected and toward more distal less important arteries,
thus decreasing the risk of deadly complications, such
as stroke.
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[0054] The pressure in the device 26, and thus to the
vascular compression components 27, 32, 46 and/or 27-
V,32-V,46-V is released after the emboligenic procedure
is completed after a full washout of potential emboli 20,
18 fromthe heart 11, thoracic aorta and all other potential
sources. The pressurization of the device 26 and its dif-
ferent compartments can be repeated any time and on
multiple occasions when the emboligenic intervention is
contemplated.

[0055] Should the physician or physician’s assistant
forget to release arterial compression timely, an alarm
would go off and the pressure would be released spon-
taneously to avoid undue interruption of the arterial flow.
The alarm and deflation could be overridden by the phy-
sician when clinically indicated. The alarm may be sound-
ed by the alarm system 59, and the deflation may be
activated by the pressure source 49 and/or the alarm
system 59 and/or the monitoring system 58.

[0056] The central axis 56 may be present even when
the device 26 is not configured with straps 33, 43 to form
a generally circular member when viewed from the top
as for example in FIG. 6A. In some embodiments of the
device 26, a circular member is not formed when viewed
from the top by the straps 33, 43. For instance, the straps
33,43 may be missing such that the section 31 is attached
to sides of a bed or otherwise secured so that the device
26 is located at the neck of the patient. In such instances,
the central axis 56 is still present. The central axis 56
may be located at a location within the neck of the patient,
for examples shown with reference to FIGS. 8A and 8B.
This location may be at the spinal column 37 of the pa-
tient, or may be at the center of the neck of the patient.
It is to be understood that various embodiments of the
device 26 exist in which the device 26 does not wrap
completely around the neck of the patient but instead
only wraps around a portion of the neck of the patient
less than 360 degrees fully about the neck of the patient.
[0057] The apparatus and methods discussed herein
are not limited to the detection and compression of any
particular vessels or combination of vessels, but can in-
clude any number of different types of vessels. For ex-
ample, in some aspects, vessels can include arteries or
veins. In some aspects, the vessels can be suprathoracic
vessels (e.g., vessels in the neck or above), intrathoracic
vessels (e.g., vessels in the thorax), subthoracic vessels
(e.g., vessels in the abdominal area or below), lateral
thoracic vessels (e.g., vessels to the sides of the thorax
such as vessels in the shoulder area and beyond), or
other types of vessels and/or branches thereof.

[0058] In some aspects, the detection and compres-
sion systems disclosed herein can be applied to su-
perthoracic vessels. The suprathoracic vessels can com-
prise at least one of intracranial vessels, cerebral arter-
ies, and/or any branches thereof. For example, the su-
prathoracic vessels can comprise at least one of a com-
mon carotid artery, an internal carotid artery, an external
carotid artery, a middle meningeal artery, superficial tem-
poral arteries, an occipital artery, a lacrimal (ophthalmic)
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artery, an accessory meningeal artery, an anterior eth-
moidal artery, a posterior ethmoidal artery, a maxillary
artery, a posterior auricular artery, an ascending pharyn-
geal artery, a vertebral artery, a left middle meningeal
artery, a posterior cerebral artery, a superior cerebellar
artery, a basilar artery, a left internal acoustic (labyrin-
thine) artery, an anterior inferior cerebellar artery, a left
ascending pharyngeal artery, a posterior inferior cere-
bellar artery, a deep cervical artery, a highest intercostal
artery, a costocervical trunk, a subclavian artery, amiddle
cerebral artery, an anterior cerebral artery, an anterior
communicating artery, an ophthalmic artery, a posterior
communicating artery, a facial artery, a lingual artery, a
superior laryngeal artery, a superior thyroid artery, an
ascending cervical artery, an inferior thyroid artery, a thy-
rocervical trunk, an internal thoracic artery, and/or any
branches thereof. The suprathoracic vessels can also
comprise at least one of a medial orbitofrontal artery, a
recurrent artery (of Heubner), medial and lateral lenticu-
lostriate arteries, a lateral orbitofrontal artery, an ascend-
ing frontal (candelabra) artery, an anterior choroidal ar-
tery, pontine arteries, an internal acoustic (labyrinthine)
artery, an anterior spinal artery, a posterior spinal artery,
a posterior medial choroidal artery, a posterior lateral
choroidal artery, and/or branches thereof. The supratho-
racic vessels can also comprise atleast one of perforating
arteries, a hypothalamic artery, lenticulostriate arteries,
a superior hypophyseal artery, an inferior hypophyseal
artery, an anterior thalamostriate artery, a posterior tha-
lamostriate artery, and/or branches thereof. The su-
prathoracic vessels can also comprise at least one of a
precentral (pre-Rolandic) and central (Rolandic) arteries,
anterior and posterior parietal arteries, an angular artery,
temporal arteries (anterior, middle and posterior), a pa-
racentral artery, a pericallosal artery, a callosomarginal
artery, a frontopolar artery, a precuneal artery, a parie-
tooccipital artery, a calcarine artery, an inferior vermian
artery, and/or branches thereof.

[0059] Insome aspects, the suprathoracic vessels can
also comprise at least one of diploic veins, an emissary
vein, a cerebral vein, a middle meningeal vein, superficial
temporal veins, a frontal diploic vein, an anterior temporal
diploic vein, a parietal emissary vein, a posterior temporal
diploic vein, an occipital emissary vein, an occipital dip-
loic vein, a mastoid emissary vein, a superior cerebral
vein, efferent hypophyseal veins, infundibulum (pituitary
stalk) and long hypophyseal portal veins, and/or branch-
es thereof.

[0060] Theintrathoracic vessels can comprise the aor-
ta or branches thereof. For example, the intrathoracic
vessels can comprise at least one of an ascending aorta,
adescending aorta, an arch of the aorta, and/or branches
thereof. The descending aorta can comprise atleast one
of a thoracic aorta, an abdominal aorta, and/or any
branches thereof. The intrathoracic vessels can also
comprise at least one of a subclavian artery, an internal
thoracic artery, a pericardiacophrenic artery, a right pul-
monary artery, a right coronary artery, a brachiocephalic
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trunk, a pulmonary trunk, a left pulmonary artery, an an-
terior interventricular artery, and/or branches thereof.
The intrathoracic vessels can also comprise at least one
of an inferior thyroid artery, a thyrocervical trunk, a ver-
tebral artery, a right bronchial artery, a superior left bron-
chial artery, an inferior left bronchial artery, aortic es-
ophageal arteries, and/or branches thereof.

[0061] In some aspects, the intrathoracic vessels can
also comprise at least one of a right internal jugular vein,
a right brachiocephalic vein, a subclavian vein, an inter-
nal thoracic vein, a pericardiacophrenic vein, a superior
vena cava, a right superior pulmonary vein, a left brachi-
ocephalic vein, a left internal jugular vein, a left superior
pulmonary vein, an inferior thyroid vein, an external jug-
ular vein, a vertebral vein, a right highest intercostal vein,
a 6th right intercostal vein, an azygos vein, an inferior
vena cava, a left highest intercostal vein, an accessory
hemiazygos vein, a hemiazygos vein, and/or branches
thereof.

[0062] In some aspects, the subthoracic vessels can
comprise at least one of renal arteries, inferior phrenic
arteries, a celiac trunk with common hepatic, left gastric
and splenic arteries, superior suprarenal arteries, a mid-
dle suprarenal artery, an inferior suprarenal artery, a right
renal artery, a subcostal artery, 1st to 4th right lumbar
arteries, common iliac arteries, an iliolumbar artery, an
internaliliac artery, lateral sacral arteries, an externaliliac
artery, a testicular (ovarian) artery, an ascending branch
of deep circumclex iliac artery, a superficial circumflex
iliac artery, an inferior epigastric artery, a superficial ep-
igastric artery, a femoral artery, a ductus deferens and
testicular artery, a superficial external pudendal artery,
a deep external pudendal artery, and/or branches there-
of. The subthoracic vessels can also comprise at least
one of a superior mesenteric artery, a left renal artery,
an abdominal aorta, an inferior mesenteric artery, colic
arteries, sigmoid arteries, a superior rectal artery, 5th
lumbar arteries, a middle sacral artery, a superior gluteal
artery, umbilical and superior vesical arteries, an obtu-
rator artery, an inferior vesical and artery to ductus def-
erens, a middle rectal artery, an internal pudendal artery,
an inferior gluteal artery, a cremasteric, pubic (obturator
anastomotic) branches of inferior epigastric artery, a left
colic artery, rectal arteries, and/or branches thereof.
[0063] In some aspects, the lateral thoracic vessels
can comprise at least one of humeral arteries, a trans-
verse cervical artery, a suprascapular artery, a dorsal
scapular artery, and/or branches thereof. The lateral tho-
racic vessels can also comprise atleast one of an anterior
circumflex humeral artery, a posterior circumflex humeral
artery, a subscapular artery, a circumflex scapular artery,
a brachial artery, a thoracodorsal artery, a lateral thoracic
artery, an inferior thyroid artery, a thyrocervical trunk, a
subclavian artery, a superior thoracic artery, a thoracoac-
romial artery, and/or branches thereof.

[0064] Insome aspects, vessels can include other por-
tions of the vasculature, such as the heart or chambers
of the heart. In some aspects, the detection and com-
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pression systems disclosed herein can be applied to the
heart or chambers of the heart, such as the right atrium,
the left atrium, the right ventricle, and/or the left ventricle.
Forexample, detection of emboli can be performed within
or near one or more chambers of the heart.

[0065] In some aspects, a vessel in which detection is
performed s different from a vesselin which compression
is performed. For example, detection is performed in a
first vessel and compression is performed in a second
vessel. The second vessel can be downstream of the
first vessel.

[0066] In some aspects, a vessel in which detection is
performed is the same as a vessel in which compression
is performed. For example, detection is performed in a
vessel at a first location and compression is performed
in the vessel at a second location. The second location
can be downstream of the first location.

[0067] FIG. 25is a block diagram illustrating an exem-
plary computer system 200 with which a system (e.g.,
monitoring module/system and/or detection module/sys-
tem) of the subject technology can be implemented. In
certain embodiments, the computer system 200 may be
implemented using hardware or a combination of soft-
ware and hardware, either in a dedicated server, or inte-
grated into another entity, or distributed across multiple
entities.

[0068] The computer system 200 includes a bus 208
or other communication mechanism for communicating
information, and a processor 202 coupled with the bus
208 for processing information. By way of example, the
computer system 200 may be implemented with one or
more processors 202. The processor 202 may be a gen-
eral-purpose microprocessor, a microcontroller, a Digital
Signal Processor (DSP), an Application Specific Integrat-
ed Circuit (ASIC), a Field Programmable Gate Array (FP-
GA), a Programmable Logic Device (PLD), a controller,
a state machine, gated logic, discrete hardware compo-
nents, and/or any other suitable entity that can perform
calculations or other manipulations of information.
[0069] The computer system 200 can include, in addi-
tion to hardware, code that creates an execution envi-
ronment for the computer program in question, e.g., code
that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or
a combination of one or more of them stored in an includ-
ed memory 204, such as a Random Access Memory
(RAM), a flash memory, a Read Only Memory (ROM), a
Programmable Read-Only Memory (PROM), an Erasa-
ble PROM (EPROM), registers, a hard disk, a removable
disk, a CD-ROM, a DVD, and/or any other suitable stor-
age device, coupled to the bus 208 for storing information
and instructions to be executed by the processor 202.
The processor 202 and the memory 204 can be supple-
mented by, or incorporated in, special purpose logic cir-
cuitry.

[0070] The instructions may be stored in the memory
204 and implemented in one or more computer program
products, i.e., one or more modules of computer program
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instructions encoded on a computer readable medium
for execution by, or to control the operation of, the com-
puter system 200, and according to any method well
known to those of skill in the art, including, but not limited
to, computerlanguages such as data-oriented languages
(e.g., SQL, dBase), system languages (e.g., C, Objec-
tive-C, C++, Assembly), architectural languages (e.g.,
Java, .NET), and/or application languages (e.g., PHP,
Ruby, Perl, Python). Instructions may also be implement-
ed in computer languages such as array languages, as-
pect-oriented languages, assembly languages, author-
ing languages, command line interface languages, com-
piled languages, concurrent languages, curly-bracket
languages, dataflow languages, data-structured lan-
guages, declarative languages, esoteric languages, ex-
tension languages, fourth-generation languages, func-
tional languages, interactive mode languages, interpret-
ed languages, iterative languages, list-based languages,
little languages, logic-based languages, machine lan-
guages, macro languages, metaprogramming languag-
es, multiparadigm languages, numerical analysis, non-
English-based languages, object-oriented class-based
languages, object-oriented prototype-based languages,
off-side rule languages, procedural languages, reflective
languages, rule-based languages, scripting languages,
stack-based languages, synchronous languages, syntax
handling languages, visual languages, wirth languages,
and/or xml-based languages. The memory 204 may also
be used for storing temporary variable or other interme-
diate information during execution of instructions to be
executed by the processor 202.

[0071] A computer program as discussed herein does
not necessarily correspond to a file in a file system. A
program can be stored in a portion of a file that holds
other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicat-
ed to the program in question, or in multiple coordinated
files (e.g., files that store one or more modules, subpro-
grams, or portions of code). A computer program can be
deployed to be executed on one computer or on multiple
computers that are located at one site or distributed
across multiple sites and interconnected by a communi-
cation network. The processes and logic flows described
in this specification can be performed by one or more
programmable processors executing one or more com-
puter programs to perform functions by operating oninput
data and generating output.

[0072] The computersystem 200 furtherincludes a da-
ta storage device 206 such as a magnetic disk or optical
disk, coupled to the bus 208 for storing information and
instructions. The computer system 200 may be coupled
via an input/output module 210 to various devices (e.g.,
devices 214 and 216). The input/output module 210 can
be any input/output module. Exemplary input/output
modules 210 include data ports (e.g., USB ports), audio
ports, and/or video ports. In some embodiments, the in-
put/output module 210 includes a communications mod-
ule. Exemplar y communications modules include net-
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working interface cards, such as Ethernet cards, mo-
dems, and routers. In certain aspects, the input/output
module 210 is configured to connect to a plurality of de-
vices, such as an input device 214 and/or an output de-
vice 216. Exemplary input devices 214 include a key-
board and/or a pointing device (e.g., a mouse or a track-
ball) by which a user can provide input to the computer
system 200. Other kinds of input devices 214 can be
used to provide for interaction with a user as well, such
as a tactile input device, visual input device, audio input
device, and/or brain-computer interface device. For ex-
ample, feedback provided to the user can be any form
of sensory feedback (e.g., visual feedback, auditory feed-
back, and/or tactile feedback), and input from the user
can be received in any form, including acoustic, speech,
tactile, and/or brain wave input. Exemplary output devic-
es 216 include display devices, such as a cathode ray
tube (CRT) or liquid crystal display (LCD) monitor, for
displaying information to the user.

[0073] According to certain embodiments, the compu-
ter system 200 can operate in response to the processor
202 executing one or more sequences of one or more
instructions contained in the memory 204. Such instruc-
tions may be read into the memory 204 from another
machine-readable medium, such as the data storage de-
vice 206. Execution of the sequences of instructions con-
tained in the memory 204 causes the processor 202 to
perform the process steps described herein. One or more
processors in a multi-processing arrangement may also
be employed to execute the sequences of instructions
contained in the memory 204. | n some embodiments,
hard-wired circuitry may be used in place of or in combi-
nation with software instructions to implement various
aspects of the present disclosure. Thus, aspects of the
present disclosure are not limited to any specific combi-
nation of hardware circuitry and software.

[0074] Various aspects of the subject matter described
in this specification can be implemented in a computing
system that includes a back end component (e.g., a data
server), or that includes a middleware component (e.g.,
an application server), or that includes a front end com-
ponent (e.g., a client computer having a graphical user
interface and/or a Web browser through which a user
can interact with an implementation of the subject matter
described in this specification), or any combination of one
or more such back end, middleware, or front end com-
ponents. The components of the system 200 can be in-
terconnected by any form or medium of digital data com-
munication (e.g., a communication network). Examples
of communication networks include a local area network
and a wide area network.

[0075] The term "machine-readable storage medium"
or "computer readable medium" as used herein refers to
any medium or media that participates in providing in-
structions to the processor 202 for execution. Such a
medium may take many forms, including, but not limited
to, non-volatile media, volatile media, and transmission
media. Non -volatile media include, for example, optical

10

15

20

25

30

35

40

45

50

55

14

or magnetic disks, such as the data storage device 206.
Volatile media include dynamic memory, such as the
memory 204. Transmission media include coaxial ca-
bles, copper wire, and fiber optics, including the wires
that comprise the bus 208. Common forms of machine-
readable media include, for example, floppy disk, a flex-
ible disk, hard disk, magnetic tape, any other magnetic
medium, a CD-ROM, DVD, any other optical medium,
punch cards, paper tape, any other physical medium with
patterns of holes,a RAM,a PROM, an EPROM, a FLASH
EPROM, any other memory chip or cartridge, or any other
medium from which a computer can read. The machine-
readable storage medium can be a machine-readable
storage device, a machine-readable storage substrate,
a memory device, a composition of matter effecting a
machine-readable propagated signal, or a combination
of one or more of them.

[0076] As used herein, a "processor" can include one
or more processors, and a "module" can include one or
more modules.

[0077] In an aspect of the subject technology, a ma-
chine-readable medium is a computer-readable medium
encoded or stored with instructions and is a computing
element, which defines structural and functional relation-
ships between the instructions and the rest of the system,
which permit the instructions’ functionality to be realized.
Instructions may be executable, forexample, by a system
or by a processor of the system. Instructions can be, for
example, a computer program including code. A ma-
chine-readable medium may comprise one or more me-
dia.

[0078] FIG. 26 illustrates an example of a system 300
for diverting emboli within a patient, in accordance with
various embodiments of the subject technology. The sys-
tem 300 is an example of an implementation of a system
fordiverting emboli within a patient. The system 300 com-
prises monitoring module 302, compression module 304,
and control module 306. Although the system 300 is
shown as having these modules, the system 300 may
have other suitable configurations. The modules of the
system 300 may be in communication with one another.
In some embodiments, the modules may be implemented
in software (e.g., subroutines and code). For example,
the modules may be stored in the memory 204 and/or
data storage 206, and executed by the processor 202.
In some aspects, some or all of the modules may be
implemented in hardware (e.g., an Application Specific
Integrated Circuit (ASIC), a Field Programmable Gate
Array (FPGA), a Programmable Logic Device (PLD), a
controller, a state machine, gated logic, discrete hard-
ware components, or any other suitable devices) and/or
a combination of both. Additional features and functions
of these modules according to various aspects of the
subject technology are further described in the present
disclosure.

[0079] As used herein, the word "module" refers to log-
ic embodied in hardware or firmware, or to a collection
of software instructions, possibly having entry and exit
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points, written in a programming language, such as, for
example C++. A software module may be compiled and
linked into an executable program, installed in a dynamic
link library, or may be written in an interpretive language
such as BASIC. It will be appreciated that software mod-
ules may be callable from other modules or from them-
selves, and/or may be invoked in response to detected
events or interrupts. Software instructions may be em-
bedded in firmware, such as an EPROM or EEPROM. It
will be further appreciated that hardware modules may
be comprised of connected logic units, such as gates and
flip-flops, and/or may be comprised of programmable
units, such as programmable gate arrays or processors.
The modules described herein are preferably implement-
ed as software modules, but may be represented in hard-
ware or firmware.

[0080] It is contemplated that the modules may be in-
tegrated into a fewer number of modules. One module
may also be separated into multiple modules. The de-
scribed modules may be implemented as hardware, soft-
ware, firmware or any combination thereof. Additionally,
the described modules may reside at different locations
connected through a wired or wireless network, or the
Internet.

[0081] In general, it will be appreciated that the proc-
essors can include, by way of example, computers, pro-
gram logic, or other substrate configurations represent-
ing data and instructions, which operate as described
herein. In other embodiments, the processors can in-
clude controller circuitry, processor circuitry, processors,
general purpose single-chip or multichip microproces-
sors, digital signal processors, embedded microproces-
sors, microcontrollers and the like.

[0082] Furthermore, it will be appreciated that in one
embodiment, the program logic may advantageously be
implemented as one or more components. The compo-
nents may advantageously be configured to execute on
one or more processors. The components include, but
are not limited to, software or hardware components,
modules such as software modules, object-oriented soft-
ware components, class components and task compo-
nents, processes methods, functions, attributes, proce-
dures, subroutines, segments of program code, drivers,
firmware, microcode, circuitry, data, databases, data
structures, tables, arrays, and variables.

[0083] A phrase such as "an aspect" does not imply
that such aspect is essential to the subject technology or
that such aspect applies to all configurations of the sub-
ject technology. A disclosure relating to an aspect may
apply to all configurations, or one or more configurations.
An aspect may provide one or more examples of the dis-
closure. A phrase such as "an aspect" may refer to one
or more aspects and vice versa. A phrase such as "an
embodiment" does not imply that such embodiment is
essential to the subject technology or that such embod-
iment applies to all configurations of the subject technol-
ogy. A disclosure relating to an embodiment may apply
to all embodiments, or one or more embodiments. An
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embodiment may provide one or more examples of the
disclosure. A phrase such "an embodiment" may refer to
one or more embodiments and vice versa. A phrase such
as "a configuration" does not imply that such configura-
tion is essential to the subject technology or that such
configuration applies to all configurations of the subject
technology. A disclosure relating to a configuration may
apply to all configurations, or one or more configurations.
A configuration may provide one or more examples of
the disclosure. A phrase such as "a configuration" may
refer to one or more configurations and vice versa.
[0084] The foregoing description is provided to enable
a person skilled in the art to practice the various config-
urations described herein. While the subject technology
has been particularly described with reference to the var-
ious figures and configurations, it should be understood
that these are for illustration purposes only and should
not be taken as limiting the scope of the subject technol-
ogy.

[0085] There may be many other ways to implement
the subject technology. Various functions and elements
described herein may be partitioned differently from
those shown without departing from the scope of the sub-
ject technology. Various modifications to these configu-
rations will be readily apparent to those skilled in the art,
and generic principles defined herein may be applied to
other configurations. Thus, many changes and modifica-
tions may be made to the subject technology, by one
having ordinary skill in the art, without departing from the
scope of the subject technology.

[0086] It is understood that the specific order or hier-
archy of steps in the processes disclosed is an illustration
of exemplary approaches. Based upon design preferenc-
es, itis understood that the specific order or hierarchy of
steps in the processes may be rearranged. Some of the
steps may be performed simultaneously. The accompa-
nying method claims present elements of the various
steps in a sample order, and are not meant to be limited
to the specific order or hierarchy presented.

[0087] As used herein, the phrase "at least one of’ pre-
ceding a series of items, with the term "and" or "or" to
separate any of the items, modifies the list as a whole,
rather than each member of the list (i.e., each item). The
phrase "at least one of’ does not require selection of at
least one of each item listed; rather, the phrase allows a
meaning thatincludes atleast one of any one of the items,
and/or atleast one of any combination of the items, and/or
at least one of each of the items. By way of example, the
phrases "at least one of A, B, and C" or "at least one of
A, B, or C" each refer to only A, only B, or only C; any
combination of A, B, and C; and/or at least one of each
of A, B, and C.

[0088] Terms such as "top," "bottom," "front," "rear"
and the like as used in this disclosure should be under-
stood as referring to an arbitrary frame of reference, rath-
er than to the ordinary gravitational frame of reference.
Thus, a top surface, a bottom surface, a front surface,
and a rear surface may extend upwardly, downwardly,
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diagonally, or horizontally in a gravitational frame of ref-
erence.

[0089] Furthermore, to the extent that the term "in-
clude," "have," or the like is used in the description or the
claims, such term is intended to be inclusive in a manner
similar to the term "comprise" as "comprise" isinterpreted
when employed as a transitional word in a claim.
[0090] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
embodiment described herein as "exemplary" is not nec-
essarily to be construed as preferred or advantageous
over other embodiments.

[0091] A reference to an element in the singular is not
intended to mean "one and only one" unless specifically
stated, but rather "one or more." Pronouns in the mas-
culine (e.g., his) include the feminine and neuter gender
(e.g., her and its) and vice versa. The term "some" refers
to one or more. Underlined and/or italicized headings and
subheadings are used for convenience only, do not limit
the subject technology, and are not referred to in con-
nection with the interpretation of the description of the
subject technology. All structural and functional equiva-
lents to the elements of the various configurations de-
scribed throughout this disclosure that are known or later
come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and intended
to be encompassed by the subject technology. Moreover,
nothing disclosed herein is intended to be dedicated to
the public regardless of whether such disclosure is ex-
plicitly recited in the above description.

[0092] While certain embodiments have been de-
scribed, these have been presented by way of example
only.

Claims

1. A system for diverting emboli (8) within a patient,
comprising a detection device (A, E) configured to
detect a presence of emboli (8) in a first blood vessel
(1) of a patient;

a compression member (27, 27-V, 46, 46-V) config-
ured to be aligned with a second blood vessel (3, 12,
16) of the patient when a collar (26) supporting the
compression member (10, 27, 27-V, 46, 46-V) is po-
sitioned at least partially around a portion of the pa-
tient; and

a controller (B, C, D, 49, 58) configured to actuate
the compression member (10, 27, 27-V, 46, 46-V),
when the presence of emboli (8) is detected, from
an unactuated state to an actuated state in which at
least a portion of the compression member (27, 27-
V, 46, 46-V) (i) is closer to the second blood vessel
(3, 12, 16) than while in the unactuated state and (ii)
compresses and limits blood flow through the second
blood vessel (3, 12, 16), wherein the detection device
(A, E) is configured to detect a threshold amount of
emboli (8) in the first blood vessel (1), wherein the
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controller (B, C, D, 49, 58) is configured to actuate
the compression member (10, 27, 27-V, 46, 46-V)
when the detected emboli (8) exceed the threshold
amount.

The system as set forth in claim 1, wherein the sec-
ond blood vessel (3, 12, 16) is downstream of the
first blood vessel (1).

The system as set forth in either claim 1 or claim 2,
wherein the detection device (A, E) comprises a Dop-
pler ultrasound device, a Doppler probe device, an
oscillotonometry device, an electroencephalogra-
phy device, a transcranial Doppler device, a pulse
indicator device, a cardiac Echo device, a pulse ox-
imeter, or a cerebral oximeter.

The system as set forth in any one of claims 1-3,
further comprising a supplemental detection device
(A, E) configured to detect a presence of emboli (8)
in a third blood vessel or structure (2, 11, 15, 19 13,
14) of a patient that is upstream, downstream or un-
related to the second blood vessel (3, 16, 12).

The system as set forth in any one of claims 1-4,
wherein the controller (B, C, D, 49, 58) determines
whether the detected emboli (8) do not exceed the
threshold amount, wherein the controller (B, C, D,
49, 58) instructs the compression member (10, 27,
27-V, 46, 46-V) to transition to the unactuated state
when the detected emboli (8) do not exceed the
threshold amount.

The system as set forth in any one of claims 1-5,
wherein the first blood vessel (1) is one or more of
a heart valve (15), an aorta (14, 19), a carotid artery
(16), a vertebral artery (12), a calf vein, a femoral
vein, apopliteal vein, aniliofemoral vein, aniliac vein,
an inferior vena cava, or a peripheral vein of the pa-
tient.

The system as set forth in any one of claims 1-6,
wherein the second blood vessel (12,16) is a carotid
artery (16), a vertebral artery (12), a femoral vein, a
popliteal vein, an iliofemoral vein, an iliac vein, an
inferior vena cava, or a peripheral vein of the patient.

The system as set forth in any one of claims 1-7,
wherein the compression member (27, 27-V, 46, 46-
V) has a first carotid compression member (27) con-
figured to be aligned with the second blood vessel
(12, 16) that is a first carotid artery (16) of the patient
radially between the first carotid compression mem-
ber (27) and a cervical spine (37) of the patient when
the compression member (27, 27-V, 46, 46-V) is po-
sitioned at least partially around a neck of the patient,
the first carotid compression member (27) having
the unactuated state and the actuated state in which
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at least a portion of the first carotid compression
member (27) (i) is closer to the first carotid artery
(16) than while in the unactuated state and (ii) com-
presses and limits blood flow through the first carotid
artery (16);

wherein the compression member (27, 27-V, 46, 46-
V) has a first vertebral compression member (27-V)
configured to be aligned with a first vertebral artery
(12) of the patient radially between the first vertebral
compression member (27-V) and the cervical spine
(37) when the compression member (27, 27-V, 46,
46-V) is positioned at least partially around the neck,
the first vertebral compression member (27-V) hav-
ing an unactuated state and an actuated state in
which at least a portion of the first vertebral compres-
sion member (27-V) (i) is closer to the first vertebral
artery (12) than while in the unactuated state and (ii)
compresses and limits blood flow through the first
vertebral artery (12).

The system as set forth in claim 8, wherein first ca-
rotid compression member (27) has a maximum
height, parallel to a central axis (56) of the collar (26),
that is greater than a maximum height of the first
vertebral compression member (27-V).

The system as set forth in claim 8 or 9, wherein the
compression member (27, 27-V, 46, 46-V) having a
second carotid compression member (46) config-
ured to be aligned with a second carotid artery (16)
of the patient radially between the second carotid
compression member (46) and the cervical spine
(37) when the compression member (27, 27-V, 46,
46-V) is positioned at least partially around the neck,
the second carotid compression member (46) having
an unactuated state and an actuated state in which
at least a portion of the second carotid compression
member (46) (i) is closer to the second carotid artery
(16) than while in the unactuated state and (ii) com-
presses and limits blood flow through the second
carotid artery (16);

wherein the compression member (27, 27-V, 46, 46-
V) having a second vertebral compression member
(46-V) configured to be aligned with a second verte-
bral artery (12) of the patient radially between the
second vertebral compression member (46-V) and
the cervical spine (37) when the compression mem-
ber (27,27-V, 46, 46-V)is positioned atleast partially
around the neck, the second vertebral compression
member (46-V) having an unactuated state and an
actuated state in which at least a portion of the sec-
ond vertebral compression member (46-V) (i) is clos-
er to the second vertebral artery (12) than while in
the unactuated state and (ii) compresses and limits
blood flow through the second vertebral artery (12).

The system as set forth in claim 10, wherein the sec-
ond carotid compression member (46) has a maxi-
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13.

14.

32

mum height, parallel to a central axis (56) of the collar
(26), that is greater than a maximum height of the
second vertebral compression member (46-V).

The system as set forth in any one of claims 1-6,
wherein the first vessel, the second vessel and/or
the third vessel are the same vessel or structure.

The system as set forth in any one of claims 1-6,
wherein the first vessel, the second vessel and/or
the third vessel are not the same vessel or structure.

The system as set forth in any of the claims 1-13,
wherein the functions of detection (A, E) and vascu-
lar compression (10, 27, 27-V, 46, 46-V) are per-
formed within the same device, wherein the device
is non-invasive and conducive to an automated au-
toregulation, comprising the process of a vascular
compression alternating with a process of a vascular
release.

Patentanspriiche

1.

2.

System zum Umleiten von Emboli (8) in einem Pa-
tienten, das Folgendes aufweist:

eine Erkennungsvorrichtung (A, E), die zum Er-
kennen einer Anwesenheit von Emboli (8) in ei-
nem ersten Blutgefall (1) eines Patienten kon-
figuriert ist;

ein Kompressionselement (27, 27-V, 46, 46-V),
das konfiguriert ist, um auf ein zweites Blutgefal
(3, 12, 16) des Patienten ausgerichtet zu sein,
wenn ein das Kompressionselement (10, 27, 27-
V, 46, 46-V) tragender Kragen (26) wenigstens
teilweise um einen Teil des Patienten positio-
niert ist; und

ein Steuergerat (B, C, D, 49, 58), das konfiguriert
ist zum Betatigen des Kompressionselements
(10, 27, 27-V, 46, 46-V), wenn die Anwesenheit
von Emboli (8) erkannt wird, von einem unbeta-
tigten Zustand in einen betatigten Zustand, in
dem wenigstens ein Teil des Kompressionsele-
ments (27, 27-V, 46, 46-V) (i) ndher am zweiten
Blutgefal® (3, 12, 16) ist als dann, wahrend es
im unbetatigten Zustand ist, und (ii) das zweite
Blutgefal (3, 12, 16) komprimiert und den Blut-
fluss durch es beschrankt, wobei die Erken-
nungsvorrichtung (A, E) zum Erkennen eines
Schwellenwerts von Emboli (8) im ersten Blut-
gefal (1) konfiguriert ist, wobei das Steuergerat
(B, C, D, 49, 58) konfiguriert ist, um das Kom-
pressionselement (10, 27, 27-V, 46, 46-V) zu
betatigen, wenn die erkannten Emboli (8) den
Schwellenwert Uibersteigen.

System nach Anspruch 1, wobei das zweite Blutge-
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fak (3, 12, 16) stromabwarts des ersten Blutgefales
(1) ist.

System nach Anspruch 1 oder Anspruch 2, wobei
die Erkennungsvorrichtung (A, E) eine Doppler-Ul-
traschallvorrichtung, eine Dopplersondenvorrich-
tung, eine Ozillotonometrievorrichtung, eine Elektro-
enzephalographievorrichtung, eine transkranielle
Doppler-Vorrichtung, eine Pulsanzeigervorrichtung,
eine Echokardiogrammuvorrichtung, ein Pulsoxime-
ter oder eine Vorrichtung fiir die zerebrale Oximetrie
aufweist.

System nach einem der Anspriiche 1 bis 3, das fer-
ner eine zusatzliche Erkennungsvorrichtung (A, E)
aufweist, die zum Erkennen einer Anwesenheit von
Emboli (8) in einem bzw. einer dritten Blutgefal oder
Struktur (2, 11, 15, 19, 13, 14) eines Patienten kon-
figuriert ist, das bzw. die stromaufwarts des, strom-
abwarts des oder ohne Bezug zu dem zweiten Blut-
gefal (es) (3, 16, 12) ist.

System nach einem der Anspriiche 1 bis 4, wobei
das Steuergerat (B, C, D, 49, 58) bestimmt, ob die
erkannten Emboli (8) den Schwellenwert nicht tiber-
steigen, wobei das Steuergerat (B, C, D, 49, 58) das
Kompressionselement (10, 27, 27-V, 46, 46-V) an-
weist, in den unbetéatigten Zustand (berzugehen,
wenn die erkannten Emboli (8) den Schwellenwert
nicht Gbersteigen.

System nach einem der Anspriiche 1 bis 5, wobei
das erste Blutgefal (1) eines oder mehr von einer
Herzklappe (15), einer Aorta (14, 19), einer Hals-
schlagader (16), einer Wirbelarterie (12), einer Wa-
denvene, einer Oberschenkelvene, einer Kniekeh-
lenvene, einer lliofermoralvene, einer Beckenvene,
einer unteren Hohlvene oder einer peripheren Vene
des Patienten ist.

System nach einem der Anspriiche 1 bis 6, wobei
das zweite Blutgefal (12, 16) eine Halsschlagader
(16), eine Wirbelarterie (12), eine Oberschenkelve-
ne, eine Kniekehlenvene, eine lliofermoralvene, eine
Beckenvene, eine untere Hohlvene oder eine peri-
phere Vene des Patienten ist.

System nach einem der Anspriiche 1 bis 7, wobei
das Kompressionselement (27, 27-V, 46, 46-V) ein
erstes Halsschlagaderkompressionselement (27)
hat, das konfiguriert ist, um auf das zweite Blutgefa®
(12, 16), das eine erste Halsschlagader (16) des Pa-
tienten ist, radial zwischen dem ersten Halsschlag-
aderkompressionselement (27) und einer Halswir-
belsdule (37) des Patienten ausgerichtet zu sein,
wenn das Kompressionselement (27, 27-V, 46, 46-
V) wenigstens teilweise um den Hals des Patienten
positioniertist, wobei das erste Halsschlagaderkom-
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pressionselement (27) den unbetatigten Zustand
und den betatigten Zustand hat, in dem wenigstens
ein Teil des ersten Halsschlagaderkompressionse-
lements (27) (i) naher an der ersten Halsschlagader
(16) ist als dann, wahrend es im unbetétigten Zu-
stand ist, und (ii) die erste Halsschlagader (16) kom-
primiert und den Blutfluss durch sie beschrankt;
wobei das Kompressionselement (27, 27-V, 46, 46-
V) ein erstes vertebrales Kompressionselement (27-
V) hat, das konfiguriert ist, um auf eine erste Wirbel-
arterie (12) des Patienten radial zwischen dem ers-
ten vertebralen Kompressionselement (27-V) und
der Halswirbelsaule (37) ausgerichtet zu sein, wenn
das Kompressionselement (27, 27-V, 46, 46-V) we-
nigstens teilweise um den Hals positioniert ist, wobei
das erste vertebrale Kompressionselement (27-V)
einen unbetatigten Zustand und einen betatigten Zu-
stand hat, in dem wenigstens ein Teil des ersten ver-
tebralen Kompressionselements (27-V) (i) ndher an
der ersten Wirbelarterie (12) ist als dann, wahrend
es im unbetatigten Zustand ist, und (ii) die erste Wir-
belarterie (12) komprimiert und den Blutfluss durch
sie beschrankt.

System nach Anspruch 8, wobei das erste Hals-
schlagaderkompressionselement (27) eine maxima-
le Hohe parallel zu einer Mittelachse (56) des Kra-
gens (26) hat, die groRer als eine maximale Héhe
des ersten vertebralen Kompressionselements (27-
V) ist.

System nach Anspruch 8 oder 9, wobei das Kom-
pressionselement (27, 27-V, 46, 46-V) ein zweites
Halsschlagaderkompressionselement (27) hat, das
konfiguriert ist, um auf eine zweite Halsschlagader
(16) des Patienten radial zwischen dem zweiten
Halsschlagaderkompressionselement (46) und der
Halswirbelsaule (37) des Patienten ausgerichtet zu
sein, wenn das Kompressionselement (27, 27-V, 46,
46-V) wenigstens teilweise um den Hals positioniert
ist, wobei das zweite Halsschlagaderkompressions-
element (46) einen unbetatigten Zustand und einen
betatigten Zustand hat, in dem wenigstens ein Teil
des zweiten Halsschlagaderkompressionselements
(27) (i) ndher an der zweiten Halsschlagader (16) ist
als dann, wahrend es im unbetatigten Zustand ist,
und (ii) die zweite Halsschlagader (16) komprimiert
und den Blutfluss durch sie beschrankt;

wobei das Kompressionselement (27, 27-V, 46, 46-
V) ein zweites vertebrales Kompressionselement
(46-V) hat, das konfiguriert ist, um auf eine zweite
Wirbelarterie (12) des Patienten radial zwischen
dem zweiten vertebralen Kompressionselement
(46-V) und der Halswirbelsaule (37) ausgerichtet zu
sein, wenn das Kompressionselement (27, 27-V, 46,
46-V) wenigstens teilweise um den Hals positioniert
ist, wobei das zweite vertebrale Kompressionsele-
ment (46-V) einen unbetatigten Zustand und einen
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betatigten Zustand hat, in dem wenigstens ein Teil
des zweiten vertebralen Kompressionselements
(46-V) (i) ndher an der zweiten Wirbelarterie (12) ist
als dann, wahrend es im unbetatigten Zustand ist,
und (ii) die zweite Wirbelarterie (12) komprimiert und
den Blutfluss durch sie beschrankt.

System nach Anspruch 10, wobei das zweite Hals-
schlagaderkompressionselement (46) eine maxima-
le Hohe parallel zu einer Mittelachse (56) des Kra-
gens (26) hat, die groRer als eine maximale Héhe
des zweiten vertebralen Kompressionselements
(46-V) ist.

System nach einem der Anspriiche 1 bis 6, wobei
das erste Gefal3, das zweite Gefall und/oder das
dritte Gefal das bzw. die gleiche Gefal oder Struk-
tur sind.

System nach einem der Anspriiche 1 bis 6, wobei
das erste Gefal3, das zweite Gefall und/oder das
dritte Gefal® nicht das bzw. die gleiche Gefal} oder
Struktur sind.

System nach einem der Anspriiche 1 bis 13, wobei
die Funktionen Erkennung (A, E) und Gefalkom-
pression (10,27, 27-V, 46, 46-V) in der gleichen Vor-
richtung durchgefiihrt werden, wobei die Vorrichtung
nichtinvasiv ist und sich fiir eine automatisierte Au-
toregulation eignet, die den mit einem Prozess einer
Gefalfreigabe abwechselnden Prozess einer Ge-
fakkompression beinhaltet.

Revendications

Systeme de déviation d’emboles (8) chez un patient,
comprenant

un dispositif de détection (A, E) configuré pour dé-
tecter une présence d’emboles (8) dans un premier
vaisseau sanguin (1) d’'un patient ;

un membre de compression (27, 27-V, 46, 46-V)
configuré pour étre aligné avec un deuxieme vais-
seau sanguin (3, 12, 16) d’'un patient lorsqu’un collier
(26) soutenant le membre de compression (10, 27,
27-V, 46, 46-V) est positionné au moins partielle-
ment autour d’'une partie du patient ; et

un contrbleur (B, C, D, 49, 58) configuré pour action-
ner le membre de compression (10, 27, 27-V, 46,
46-V), lorsque la présence d’emboles (8) est détec-
tée, d’'un état non actionné a un état actionné dans
lequel au moins une partie du membre de compres-
sion (27, 27-V, 46, 46-V) (i) est plus prées du deuxié-
me vaisseau sanguin (3, 12, 16) que dans I'état non
actionné et (ii) comprime et limite I'écoulement de
sang a travers le deuxieme vaisseau sanguin (3, 12,
16) ou le dispositif de détection (A, E) est configuré
pour détecter une quantité seuil d’emboles (8) dans
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le premier vaisseau sanguin (1), ou le contréleur (B,
C, D, 49, 58) est configuré pour actionner le membre
de compression (10, 27, 27-V, 46, 46-V) lorsque les
emboles (8) détectés dépassent la quantité seuil.

Systéme selon la revendication 1, dans lequel le
deuxieme vaisseau sanguin (3, 12, 16) est en aval
du premier vaisseau sanguin (1).

Systéme selon la revendication 1 ou la revendication
2, dans lequel le dispositif de détection (A, E) com-
prend un dispositif a ultrasons Doppler, un dispositif
de sonde Doppler, un dispositif d’oscillotonométrie,
un dispositif d’électroencéphalographie, un disposi-
tif Doppler transcranien, un dispositif indicateur de
pouls, un dispositif d’échocardiographie, un oxyme-
tre de pouls ou un oxymetre cérébral.

Systéme selon I'une quelconque des revendications
1-3, comprenant en outre un dispositif de détection
supplémentaire (A, E) configuré pour détecter une
présence d’emboles (8) dans un troisi€me vaisseau
sanguin ou structure (2, 11, 15, 19, 13, 14) d'un pa-
tient qui est en amont, en aval ou non associé au
deuxieme vaisseau sanguin (3, 16, 12).

Systéme selon I'une quelconque des revendications
1-4, dans lequel le contréleur (B, C, D, 49, 58) dé-
termine si les emboles (8) détectés ne dépassent
pas la quantité seuil, dans lequel le contréleur (B, C,
D, 49, 58) instruit le membre de compression (10,
27, 27-V, 46, 46-V) de passer a |'état non actionné
lorsque les emboles (8) détectés ne dépassent pas
la quantité seuil.

Systéme selon I'une quelconque des revendications
1-5, dans lequel le premier vaisseau sanguin (1) est
un ou plusieurs d’une valve cardiaque (15), d'une
aorte (14, 19), d’une artére carotide (16), d’'une ar-
tére vertébrale (12), d’'une veine du mollet, d’'une vei-
ne fémorale, d’une veine poplitée, d’'une veine ilio-
fémorale, d’'une veine iliaque, d’'une veine cave in-
férieure ou d’une veine périphérique du patient.

Systéme selon I'une quelconque des revendications
1-6, dans lequel le deuxiéme vaisseau sanguin (12,
16) estune artére carotide (16), une artere vertébrale
(12), une veine fémorale, une veine poplitée, une
veineilio-fémorale, une veine iliaque, une veine cave
inférieure ou une veine périphérique du patient.

Systéme selon I'une quelconque des revendications
1-7, dans lequel le membre de compression (27, 27-
V, 46, 46-V) a un premier membre de compression
de carotide (27) configuré pour étre aligné avec le
deuxieme vaisseau sanguin (12, 16) qui estune pre-
miére artere carotide (16) du patient radialement en-
tre le premier membre de compression de carotide



10.

37

(27) et une épine cervicale (37) du patient lorsque
le membre de compression (27, 27-V, 46, 46-V) est
positionné au moins partiellement autour du cou du
patient, le premier membre de compression de ca-
rotide (27) ayant I'état non actionné et I'état actionné
dans lequel au moins une partie du premier membre
de compression de carotide (27) (i) est plus prés de
la premiere artére carotide (16) que dans I'état non
actionné et (ii) comprime et limite I'écoulement de
sang a travers la premiére artére carotide (16) ;
dans lequel le membre de compression (27, 27-V,
46, 46-V) a un premier membre de compression ver-
tébrale (27-V) configuré pour étre aligné avec une
premiere artére vertébrale (12) du patient radiale-
ment entre le premier membre de compression ver-
tébrale (27-V) et I'épine cervicale (37) lorsque le
membre de compression (27, 27-V, 46, 46-V) est
positionné au moins partiellement autour du cou, le
premier membre de compression vertébrale (27-V)
ayant un état non actionné et un état actionné dans
lequel au moins une partie du premier membre de
compression vertébrale (27-V) (i) est plus prés de la
premiere artére vertébrale (12) que dans I'état non
actionné et (ii) comprime et limite I'écoulement de
sang a travers la premiére artére vertébrale (12).

Systeme selon larevendication 8, danslequel le pre-
mier membre de compression de carotide (27) a une
hauteur maximale, paralléle a un axe central (56) du
collier (26), qui est plus grande qu’une hauteur maxi-
male du premier membre de compression vertébrale
(27-V).

Systeme selon la revendication 8 ou 9, dans lequel
le membre de compression (27, 27-V, 46, 46-V)
ayant un deuxi€me membre de compression de ca-
rotide (46) configuré pour étre aligné avec une
deuxiéme artere carotide (16) du patient radialement
entre le deuxiéme membre de compression de ca-
rotide (46) et I'épine cervicale (37) lorsque le mem-
bre de compression (27, 27-V, 46, 46-V) est posi-
tionné au moins partiellement autour du cou, le
deuxiéme membre de compression de carotide (46)
ayant un état non actionné et un état actionné dans
lequel au moins une partie du deuxieme membre de
compression de carotide (46) (i) est plus pres de la
deuxiéme artére carotide (16) que dans I'état non
actionné et (ii) comprime et limite I'écoulement de
sang a travers la deuxieme artére carotide (16) ;

dans lequel le membre de compression (27, 27-V,
46, 46-V) ayant un deuxi€me membre de compres-
sion vertébrale (46-V) configuré pour étre aligné
avec une deuxieme artére vertébrale (12) du patient
radialement entre le deuxi€me membre de compres-
sion vertébrale (46-V) et I'épine cervicale (37) lors-
que le membre de compression (27, 27-V, 46, 46-
V) est positionné au moins partiellement autour du
cou, le deuxieme membre de compression vertébra-
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le (46-V) ayant un état non actionné et un état ac-
tionné dans lequel au moins une partie du deuxiéme
membre de compression vertébrale (46-V) (i) est
plus prés de la deuxiéme artére vertébrale (12) que
dans I'état non actionné et (ii) comprime et limite
I’écoulement de sang a travers la deuxiéme artére
vertébrale (12).

Systéme selon la revendication 10, dans lequel le
deuxieme membre de compression de carotide (46)
a une hauteur maximale, paralléle a un axe central
(56) du collier (26), qui est plus grande qu’une hau-
teur maximale du deuxieme membre de compres-
sion vertébrale (46-V).

Systéme selon I'une quelconque des revendications
1-6, dans lequel le premier vaisseau, le deuxiéme
vaisseau et/ou le troisieme vaisseau sont le méme
vaisseau ou structure.

Systéme selon I'une quelconque des revendications
1-6, dans lequel le premier vaisseau, le deuxiéme
vaisseau et/ou le troisiéme vaisseau ne sont pas le
méme vaisseau ou structure.

Systéme selon I'une quelconque des revendications
1-13, dans lequel les fonctions de détection (A, E)
et de compression vasculaire (10, 27, 27-V, 46, 46-
V) sont effectuées avec le méme dispositif, ou le
dispositif est non invasif et favorable a une auto-ré-
gulation automatisée, comprenant le processus de
compression vasculaire alternantavec un processus
de relachement vasculaire.
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