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(57) Abstract: A method for reducing the damaging effects of a blast or concussive event includes applying pressure to at least one
jugular vein to reduce the egress of blood from the cranial cavity during the incidence of the concussive event. Reducing blood out
flow from the cranial cavity increases intracranial pressure of the cerebrospinal fluid to reduce the risk of traumatic brain injury and
injuries to the spinal column. Reducing blood out flow further increases the intracranial pressure, and thereby increases the pressure
of the cochlear fluid, the vitreous humor and the cerebrospinal fluid to thereby reduce the risk of injury to the inner ear, internal
structure of the eye and the spinal column. In addition, increasing intracranial pressure reduces the likelihood of brain injury and any
associated loss of olfactory function.
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METHODS AND DEVICES TO REDUCE DAMAGING EFFECTS OF
CONCUSSIVE OR BLAST FORCES ON A SUBJECT

TECHNICAL FIELD
The present disclosure is generally related to methods and devices for reducing the

effects of exposure to concussive events.

BACKGROUND

Traumatic brain injury (TBI) continues to be one of the most common causes of
death and morbidity in persons under age 45, even in western societies. A reported 1.7
million people suffer from TBI annually in the United States alone, resulting in an
estimated per annum total cost of over $60 billion. Historically, prevention of skull and
brain injury has focused on the use of helmets as external cranial protection. This
approach is fundamentally flawed as helmets have provided benefit for only major
penetrating brain injuries and skull fractures. These occur in a very small fraction of head
injuries in civilian sphere. Military statistics have shown that even on the battlefield, less

than 0.5% of TBI is from a penetrating object. However, both military personnel and

athletes are subjected to high velocity,




10

15

20

25

30

WO 2013/055409 PCT/US2012/040985

acceleration-deceleration mechanisms that are not mitigated by helmets and lead to
concussive injury to the brain. In large part, the human brain's relative freedom of movement
within the cranial cavity predisposes to both linear and rotational force vectors, with resultant
energy absorption resulting in cellular disruption and dysfunction, sometimes with delayed

cell death.

The skull and spinal canal contains only nervous tissue, connective tissue and fat cells
and their interstitium, blood, and cerebrospinal fluid (CSF). These fluid contents do not
completely fill the rigid container delimited by the skull and bony spinal canal, leaving a
'reserve volume'. The change in volume inside a container for a given change in pressure is
termed 'compliance’. Increases in volume of the contents of the skull and bony spinal canal,
within the range of reserve volume, occur at low container pressures (due to the high
compliance of the system). In the presence of reserve volume, as is seen in a normal
physiologic state, acceleration to the skull can result in a differential acceleration between the
skull and its contents. As a consequence, the brain and fluids collide with themselves and the
inside of the skull. Considering the semi-solid properties of the mammalian brain, this effect

is referred to as “SLOSH”.

While helmets are effective in preventing the infrequent penetration or fracture of the
skull, they have little ability to limit SLOSH effects. Mitigating SLOSH by filling the
reserve volume (exhausting compliance) can, therefore, significantly reduce the propensity
for differential motion between the skull and its contents, and between the various contents of
the skull. By mitigating SLOSH, an accelerating force to the skull would tend to move the
skull and its contents in unison, preventing collisions amongst intracranial contents and,

therefore, avoiding brain kinetic, acoustic, thermal, and vibrational energy absorption.

The same concussive events that produce TBI can also have damaging effects to the
inner ear, spinal cord and structures of the eye. Sensory neural hearing loss is noted to occur
at a rate of 85% in TBI. Concurrent injuries to the auditory system as a result of acute blast
trauma and resultant traumatic brain injury accounted for one-quarter of all injuries among
marines during Operation Iraqi Freedom through 2004 - the most common single injury type.
Auditory dysfunction has become the most prevalent individual military service-connected

disability, with compensation totaling more than $1 billion annually.



10

15

20

25

30

WO 2013/055409 PCT/US2012/040985

Although one might expect blast waves to cause tympanic membrane rupture and
ossicular disruption (thus resulting in conductive hearing loss), available audiology reports
showed that pure sensory neural loss was the most prevalent type of hearing loss in patients.
An observational study performed from 1999-2006 found that 58 percent of active-duty
soldiers who complained of hearing loss were diagnosed with pure sensorineural loss. Data
from this study also revealed that 38 percent of the patients with blast related TBI reported

sensory neural tinnitus (ringing in the ears).

The sites for sensory neural hearing loss are the inner ear structures referred to as the
cochlea and vestibular apparatus (semicircular canals). Both of these structures are fluid filled
and therefore particularly susceptible to SLOSH induced energy absorption. The tympanic
and vestibular canals of the cochlea are also fluid filled and transmit pressure and fluid waves
to the delicate hair cells of the organ of corti. The auditory hair cells react directly to the
vibrations in the liquid in which they are immersed rather than to transverse vibrations in the
cochlear duct. The cochlea and its associated hair cells are particularly susceptible to SLOSH

energy absorption.

Approximately 30 ml (21%) of a total CSF volume of 140 ml resides within the spinal
axis, and about one-third of the compliance of the CSF system has been attributed to the
spinal compartment. The spinal compartment may be likened to a cylindrical container,
partially filled with water, with strands of spaghetti (spinal cord tracts) suspended within the
water. A container that is fully filled with water can endure much greater compressive loads
than the partially filled container. Moreover, the spaghetti suspended in a partially filled
container can be severely damaged by SLOSH within the can. Likewise, the spinal
compartment can endure higher axial loads and the incidence of SLOSH is greatly minimized

if the compartment is fully filled with CSF.

Of 207 severe eye injuries in a report of military casualties in Operation Iraq Freedom
OIF, 82 percent were caused by blast and blast fragmentation. Eye injuries accounted for 13
percent (19/149) of all battlefield injuries seen at a combat support hospital during Operations
Desert Shield and Desert Storm Hyphema (blood within the anterior chamber) and traumatic
cataract were the most common findings in closed globe injuries, the majority (67%) of eyes
sustained orbital injury. Of the service members experiencing combat ocular trauma (COT)

in Operation Enduring Freedom, 66 percent also had TBI. Simply stated, roughly two-thirds
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of the combat related eye injuries were closed blast wave energy absorptions resulting in

rupture.

Traumatic brain injury, or the concussive or blast-related events leading to TBI, has
also been found to be a leading cause of anosmia (loss or impairment of olfactory function,
1.e., sense of smell). Certain studies have reported that a large proportion of patients with
post-traumatic anosmia exhibit abnormalities in the olfactory bulbs and in the inferior
frontal lobes, suggesting in the latter case that reducing TBI can reduce the risk of
anosmia. While loss or impairment of olfactory function can be more than a nuisance to
humans, the same injury to Breecher dogs (e.g., bomb sniffers) can be catastrophic.
Breecher dogs are inherently exposed to the risk of concussive events and their primary
purpose is to help soldiers avoid such an event. Preventing or reducing the likelihood of

TBI and associated loss of smell can be critical to the Breecher dog’s mission.

Standard prophylactic measures designed to protect the brain against injury in the
case of head trauma have hitherto included only various helmets. Helmets are primarily
designed to protect the skull from penetrating injuries and fractures, but less so from
pathological movements of the brain, exemplified by the classic cerebral concussion.
Moreover, helmets have no meaningful effect on blast-related injuries to the ear, spinal

column and eyes.

Any discussion of the prior art throughout the specification should in no way be considered
as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

It is an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

SUMMARY

Intracranial injuries due to exposure to external concussive forces remains a
devastating condition for which traditionally extra-cranial protection has been utilized in
the form of helmets. Although headgear is effective in preventing the most devastating
intracranial injuries, penetrating injuries, and skull fractures, it is limited in its ability to
prevent concussions or damage to the structures within the cranium. In accordance with

one disclosed method, the internal jugular vein (IJN) is mildly occluded to increase
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cerebral blood volume and decrease the intracranial compliance. This results in a
reduction of the differential acceleration between the skull and its contents, less propensity
for brain and fluid movement inside the skull, resulting in less shearing and tearing forces
and less energy absorption by the contents, all resulting in less traumatic axonal and glial
injury. Compression of the IJV also leads to increased cochlear pressure to mitigate the
damage risk to the inner ear, increased pressure in the cerebrospinal fluid to reduce the risk
of injury to the spinal column, and increased intraocular pressure to protect the internal

structure of the eye from these concussive events.

In an attempt to mitigate intracranial slosh it is recognized that the single
intracranial compartment that is most amenable to rapid, reversible change in volume and
pressure is the blood space. The simplest and most rapid means of increasing the blood
compartment is to inhibit its outflow by mechanically obstructing the draining veins in the

neck.

According to a first aspect, the invention provides a method for mitigating injury
to the inner ear of a subject exposed to an external concussive force comprising increasing
the cochlear pressure in the ear of the subject prior to and during exposure to the external

concussive force.

Unless the context clearly requires otherwise, throughout the description and the

2% ¢
2

claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense

of “including, but not limited to”.

According to a second aspect, the invention provides a method for mitigating injury
to the inner ear of a subject exposed to an external concussive force comprising applying
pressure to at least one internal jugular vein prior to and during exposure to the external
concussive force, wherein said pressure is sufficient to restrict blood flow through said at

least one internal jugular vein and increase the cochlear pressure in the ear of the subject.

According to a third aspect, the invention provides a collar when used in
accordance with the preceding aspects, said collar sized to partially or fully encircle the
neck of a subject, wherein the collar comprises one or more inwardly-directed regions to

contact the neck and apply localized pressure to the external jugular vein(s).
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One aspect of the disclosure, therefore, encompasses embodiments of a device to
reduce SLOSH energy absorption in an animal or human subject by reducing the flow of
one or more neck veins by compressing at least one of said vessels, wherein the device can
comprise a collar configured to at least partially encircle the neck of an animal or human
subject, and at least one region inwardly directed to contact the neck when encircled by the

collar, thereby applying a localized pressure to a neck vein.

In some embodiments of this aspect of the disclosure, the at least one region
inwardly directed to contact the neck can be disposed on said collar to exert pressure in the
area of an internal jugular vein when the neck of an animal or human subject is inserted in

said collar.

In some embodiments of this aspect of the disclosure, the collar can be elastic. In
some embodiments of this aspect of the disclosure, the collar size and tension thereof can

be

S5a
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adjustable. In some embodiments of this aspect of the disclosure, the device can further

comprise one or more breakaway release mechanisms.

In some embodiments of this aspect of the disclosure, at least one region of the device
inwardly directed to contact the neck of a subject can be formed by inflation of a region of
the collar, and wherein the device optionally further comprises a pump to inflate the
inflatable protuberance, or any region of said device, and optionally a source of pressurized
gas or fluid for inflation thereof. In some embodiments of this aspect of the disclosure, the

device can further comprise a release valve to regulate the pressure in said collar.

Another aspect of the disclosure encompasses embodiments of a method of increasing
the intracranial pressure of an animal or human subject comprising: (i) encircling the neck of
an animal or human subject with a collar, wherein said collar has at least one region inwardly
directed to contact the neck of an animal or human subject; (ii) positioning the at least one
region inwardly directed to contact the neck on a region of the neck overlying a neck vein
carrying blood from the intracranial cavity of the subject; and (iii) applying pressure to the
neck vein by pressing the at least one region inwardly directed to contact the neck onto the
surface of the neck, thereby restricting blood flow egressing the intracranial cavity of the

subject, thereby increasing the intracranial pressure and or volume of the subject.

Further aspects of the present disclosure provides methods for mitigating injury to the
inner ear, ocular structure and the spinal column, and for preventing loss of olfactory
function. In the method for mitigating injury to the inner ear, pressure is applied to the
jugular veins to thereby increase cochlear fluid pressure during the concussive event. In the
method for mitigating injury to the ocular structure, pressure is applied to the jugular veins to
thereby increase intraocular fluid pressure during the concussive event. In the method for
mitigating injury to the inner ear, pressure is applied to the jugular veins to thereby increase
cerebrospinal fluid pressure during the concussive event. Applying pressure to the jugular

veins also reduces or prevents loss of olfactory sense due to increased intracranial pressure.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the present disclosure will be more readily appreciated upon review
of the detailed description of its various embodiments, described below, when taken in

conjunction with the accompanying drawings.

FIGS. 1(a)-1(c) are top and side views of a compression collar according to one

disclosed embodiment.

FIG. 2 is a top view of a compression collar according to a further disclosed

embodiment.

FIG. 3 is a top view of compression collar according to another disclosed

embodiment.

FIG. 4 is a top view of a compression collar of another embodiment incorporating a

compression indicator.
FIG. 5 is a top view of an overlay to be mounted on the collar of FIG. 4.
FIG. 6 is a top partial view of the compression collar and overlay of FIGS. 4-5.

FIGS. 7(a)-7(c) are successive views of the overlay and indicator strips of the

compression collar shown in different degrees of stretch of the collar.

FIG. 8 is a graph illustrating the change in intracranial pressure (ICP) as a

consequence of 1JV compression, p-value <0.01.

FIG. 9 is a graph illustrating the change in intraocular pressure (IOP) as a

consequence of 1JV compression, p-value 0.01.

FIG. 10 is a graph showing a representative tracing of physiologic change seen in
intracranial pressure (ICP) and intraocular pressure (I0P) over a fifteen minute period caused
by the application (arrow on left) and removal of 1JV compression (arrow on right). Of note
is the rapid response seen in both IP and IOP following IJV compression as well as the

duration for which these changes are sustained.

FIG. 11A is a digital image of corticospinal tracts stained for APP post-injury without

application of the IJV compression device according to the disclosure.
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FIG. 11B is a digital image of corticospinal tracts stained for APP post-injury with

application of the IJV compression device according to the disclosure.

FIG. 12 is a graph illustrating the effect of IJV compression on axonal injury as
indicated by APP staining, p-value <001.

The drawings are described in greater detail in the description and examples below.
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DETAILED DESCRIPTION

The details of some exemplary embodiments of the methods and systems of the
present disclosure are set forth in the description below. Other features, objects, and
advantages of the disclosure will be apparent to one of skill in the art upon examination of the
following description, drawings, examples and claims. It is intended that all such additional
systems, methods, features, and advantages be included within this description, be within the

scope of the present disclosure, and be protected by the accompanying claims.

Before the present disclosure is described in greater detail, it is to be understood that
this disclosure is not limited to particular embodiments described, and as such may, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting, since the scope of

the present disclosure will be limited only by the appended claims.

When liquid in a tank or vessel experiences dynamic motion, a variety of wave
interactions and liquid phenomena can exist. The oscillation of a fluid caused by external
force, termed “sloshing”, occurs in moving vessels containing liquid masses, such as trucks,
aircraft, and liquid fueled rockets. This sloshing effect can be a severe problem in energy
absorption, and thus, vehicle stability and control. The present disclosure encompasses
methods and apparatus for reducing SLOSH effects in living creatures, and in particular in

the intracranial regions of the animal or human subject.

The mitigation of blast wave and collision damage is based largely on the principle of
energy absorption of fluid-filled containers. As there becomes more room for movement of
fluid within a vessel, more energy can be absorbed (SLOSH) rather than transmitted through
the vessel. To reduce this energy absorption, one must attempt to more closely approximate
clastic collisions. Elastic collisions are those that result in no net transfer of energy, chiefly,
acoustic, kinetic, vibrational, or thermal (also stated as a coefficient of restitution (r)
approximating 1.0). Various embodiments described below may locally alter, elevate, or
temporarily maintain an altered physiology of an organism to reduce the likelihood of energy
absorption through SLOSH whereby the coefficient of restitution (r) is increased. The
coefficient of restitution (r) indicates the variance of an impacting object away from being a
complete total elastic collision (an (r) of 1.0 = no energy transfer). Blast or energy absorption
in an organism can be viewed as a collision of bodies and thus be defined by a transfer of

energies through elastic or inelastic collisions. The mechanisms for biological fluids and

9



10

15

20

25

30

WO 2013/055409 PCT/US2012/040985

molecules to absorb energy can thus be identified and the resultant means to mitigate that
absorption can be achieved through several SLOSH reducing techniques. Dissipation of

energies post blast is also potentiated through these techniques.

SLOSH absorption may also be reduced by reversibly increasing pressure or volume
within the organs or cells of the organism. The intracranial volume and pressure can be
reversibly increased by a device that reduces the flow of one or more outflow vessels of the
cranium of said organism. One embodiment of such a device would compress the outflow
vessels enough to cause an increase in venous resistance, yet not surpass arterial pressure of
approximately 80 mm Hg. Intracranial volume can also be reversibly increased by increasing
the pCO; in the arterial blood or by the delivery of one or more medicaments to facilitate an
increase in intracranial volume or pressure including but not limited to Minocycline, insulin-

like growth factor 1, Provera, and Vitamin A.

With respect to the inner ear, it is known that the cochlear aqueduct is in direct
communication with the cerebrospinal fluid (CSF) and the vein of the aqueduct drains
directly into the internal jugular vein (IJV). The venous blood empties either directly into the
inferior petrosal sinus or internal jugular vein, or travels through other venous sinuses via the
vein of the vestibular or cochlear aqueduct. Reduced outflow of the internal jugular would
necessarily congest the cochlear vein and take up the compliance of the inner ear, thereby
improving elastic collisions at the macroscopic, cellular, and molecular level and, thus,

reducing energy impartation into these structures.

With respect to protecting the spinal column, increasing CSF volume has generally
the same effect as a completely filled cylindrical can versus a partially filled can. Just as a
filled can has a greater axial load bearing capacity than an empty can, "filling" the spinal
volume can increase the load bearing capacity of the spinal column, thereby preventing blast-
related spinal cord injuries. For instance, it is known that an empty cylindrical can is only
able to support an axial load for a very short period of time before it buckles. A full can is
able to sustain the axial load for a much longer time, as well as support a larger axial load
than the empty can. From the perspective of the spinal column, increasing the length of time
that the column can sustain an axial load before "collapse” or increasing the axial load that
the column can endure will reduce the likelihood of blast-related injuries. Moreover,
reducing SLOSH within the spinal tract will reduce the damage to the living tissues within

the column (i.e., spinal strands) due to SLOSH.

10
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With respect to ocular injuries, it is known that the woodpecker has a "pectin
apparatus” that protects the globe of its eyeball from the 1200G impact of pecking. The sole
purpose of the pectin apparatus appears to be to increase the volume and pressure of the
vitreous humor inside the eyeball. The pectin apparatus is situated within the eyeball and fills
with blood to briefly elevate intraocular pressure, thereby maintaining firm pressure on the
lens and retina to prevent damage that might otherwise occur during the 80 million pecking
blows over the average woodpecker's lifetime. While humans lack the pectin apparatus it is
possible to increase intraocular pressure by application of circumferential pressure on the

external jugular veins.

One aspect of the disclosure, therefore, encompasses embodiments of a compression
device that when applied to the neck of a subject animal or human to reduce the likelihood of
energy absorption to the brain through raising intracranial and intraocular volume and
pressure by applying pressure to the outflow vasculature and/or cerebral spinal fluid of the
brain. The result would be an increase in the structure’s coefficient of restitution (r) by
attaching a cinch or collar around the neck of the individual or organism. The compression
device can be of any design including, but not limited to, a band or cord. Such a compression
device could be worn preferably before, in anticipation of and during events with SLOSH and
traumatic brain injury risks. The compression device of the disclosure further includes at
least one protuberance or thickened region of the device that may be positioned over an

underlying neck vein to apply a localized pressure thereto.

Safely and reversibly increasing cerebral blood volume by any amount up to10 cm’
and pressure by any amount up to 70 mmHg would serve to fill up the compliance of the
cerebral vascular tree and thus reduce the ability to absorb external energies through SLOSH
energy absorption. With the application of measured pressure to the neck, the cranial blood
volume increases rapidly and plateaus at a new higher level. Moyer et al reported that
cerebral arterial blood flow was not affected by obstructing the venous outflow of blood from
the brain. The blood volume venous pressure relationship shows a diminishing increase in
volume with each increment of neck pressure over the range 40 to 70 mm of mercury. It is of
interest that the cranial blood volume increases from 10 to 30 per cent (with this neck
pressure). The cerebral spinal fluid pressure responds on compression of the individual
jugular veins. The average rise was 48 per cent. Jugular compression increases cerebral

blood flow to a new plateau in as little as 0.5 seconds. This degree of cranial blood volume

11
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and pressure increase would be very beneficial in SLOSH mitigation. Although lesser cranial
pressure and volume increases may still have beneficial effects, an increase of 3cm’ volume
and Smm Hg is a baseline goal. However, if pressure is distributed along the length of the
veins, much less pressure, for example, as little as 5-10 mmHg is sufficient to increase flow

resistance in the veins.

Further, safety of such a procedure of venous compression is quite abundant in the
literature as it mirrors the 100 year old Quenkenstadt Maneuver. In this maneuver, “the
compression of the neck does not interfere with arterial flow into the cranium. Although the
venous jugular flow beneath the pressure cuff may be temporarily halted, the venous outflow
from the cranium is never completely stopped, particularly from the anastomosis between the
spinal vein and the basilar plexus and occipital sinuses which are incompressible. In fact,
there was no correlation between Electroencephalographic (EEG) changes or changes in
systolic arterial blood pressure occurring during jugular compression. Thus, neck
compression of up to 70 mmHg does not affect cardiac output, arteriolar blood pressure,

pulse rate, or urine flow.

Embodiments of the collar of the disclosure, therefore, comprise a collar that can
encircle completely or partially the neck of a subject animal or human, and is sized such that
the collar can apply an external pressure over the regions of the neck overlying the internal
jugular veins. It is contemplated that this pressure may be due to the internal dimension of
the collar being less than the neck diameter resulting from the size of the collar or the
elasticity thereof, or the result of decreasing the internal diameter of the collar by any method
such as inflating the collar, a region thereof, or of at least one protuberance thereof. The
external pressure applied to the internal jugular vein will result in a restriction of blood flow

through the vein.

In particular, the collar of the device according to the disclosure, therefore, includes at
least one protuberance, stud, thickened or expandable region directed inwardly and disposed
on the surface of the collar that is proximal to the skin when applied to a neck so as to be
positioned directly over a region of a neck vein. It is contemplated that the at least one
protuberance, stud, thickened or expandable region can be a fixed protuberance or stud
resistant to deformation when applying pressure to a neck, or may be enlarged by inflation of
an inflation device connected thereto. An inflatable protuberance may be positioned over a

neck vein and then inflated to apply pressure to the underlying blood vessel. In the

12
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alternative, the at least one protuberance may be non-inflatable but disposed on an inflatable

collar.

It is further contemplated that the collar of the disclosure and/or inflatable
protuberance(s) disposed thereon may be operably connected to an inflation means such as,
but not limited to, a powered pump, or a hand-compressible pump whereby a liquid, air or a
gas can be applied to the collar. In certain embodiments the collar may further comprise a
pressure sensor operably linked to the inflation means whereby the degree of inflation of the
collar and/or protuberance(s) thercof may be regulated as to the extent and duration of the

pressure applied to an underlying neck vein.

It is also contemplated that the protuberance(s) of the collar of the disclosure may be
configured to apply pressure to an area approximately the diameter of an internal jugular
vein, greater than said diameter, and may be of any shape that can provide partial restriction
of the blood flow through the neck vein, including a pointed protuberance, a stud, a thickened

region of the collar, and the like.

The compression device may be of any material including, but not limited to, elastic
materials, or more particularly materials that are elastically elongatable around the
circumference of the subject's neck. Elastic materials can be any material which when
stretched will attempt to return to the natural state and can include one or more of textiles,
films (wovens, non-wovens and nettings), foams and rubber (synthetics and natural),
polychloroprene (e.g. NEOPRENE.RTM), clastane and other polyurethane- polyurea
copolymerss (e.g. SPANDEX.RTM, LYCRA.RTM), fleece, warp knits or narrow elastic
fabrics, raschel, tricot, milanese knits, satin, twill, nylon, cotton tweed, yarns, rayon,
polyester, leather, canvas, polyurethane, rubberized materials, elastomers, and vinyl. There
are also a number of elastic materials which are breathable or moisture wicking which may
be preferable during extended wearing periods or wearing during periods of exercise. In
addition the compression device could be partially constructed, coated, or constructed of one
or more protecting materials such as Kevlar (para-aramid synthetic fibers), Dyneema (ultra-

high-molecular-weight polyethylene), ceramics, or shear thickening fluids.

The device may encompass circumferentially, the entire neck or just partially around
the neck, yet still providing partial or total occlusion of one or more of the outflow vessels on

the neck, specifically, but not limited to the internal and external jugular veins, the vertebral
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veins, and the cerebral spinal circulation. The device may encompass horizontally, the entire

neck or just partially up and down the neck.

The width of the compression device may range from a mere thread (at a fraction of
an inch) to the length of the exposed neck (up to 12 inches in humans or greater in other
creatures), the length may range from 6 to 36 inches to circumnavigate the neck. The width
of the compression device could be as small as 1/4 inch but limited only by the height of the
neck in largest width, which would be typically less than 6 inches. The thickness of said
device could range from a film being only a fraction of a millimeter to a maximum of that

which might be cumbersome yet keeps ones neck warm such as 2-3 inches.

One embodiment of the compression device may be preformed for the user in a
circular construct. This one size fits all style can have a cinch of sorts that allows one to
conform the device to any neck size. Alternatively the compression device may have a first
end and a second end which are connected by a fastener. A fastener may be a hook and
ladder attachment, a hook and loop attachment, a snap, a button or any of a number of
attachment mechanisms that would be known to one skilled in the art. A compression device
with a fastener could have a breakaway release mechanism whereby the device can break
open or apart at a predetermined force to prevent the collar from inadvertently being snagged
or compressing too tightly. One quick release or automatic release embodiment would be the
applying of small amounts of hook and ladder attachments within the circumferential ring
which would shear apart upon too much force being applied to the compression device.
Another embodiment of the device could fasten such that the user would be able to pull one
end of the collar (like a choker collar for a dog) and the force exerted by the user effectually
decreases the length or circumference of the device. When the desired neck compression is
no longer needed (such as between football plays) the user could then release the
compression by a second gentle tug or by a separate release mechanism also positioned on

the device.

In yet another embodiment of the collar device of the disclosure, the protuberances
that can apply a compressive pressure to an internal jugular vein are compressible pads or
solid forms sized to apply pressure substantially only to internal jugular vein. It is
contemplated that at least one pad or rigid form may be connected to one or both opposing

ends of a resilient arcuate connector that conforms to a predetermined configuration such that
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the opposing ends of the connector may be displaced to allow the pad(s) or rigid form(s)

thereon to be disposed on the neck to apply pressure to the underlying internal jugular vein.

The compression device may have one or more protuberances, or otherwise not be of
consistent thickness or width. One such embodiment may have thicker protruding regions to
be aligned with the internal jugular veins to preferentially apply a compressive pressure to
these veins as the collar is tightened. Another embodiment may utilize inflatable

protuberances as further described below.

The compression device may also have one or more monitoring, recording, and/or
communicating devices attached or embedded. One such embodiment of the invention would
be to embed a transceiver and/or receiver to allow communications between soldiers on a
battlefield or even between coaches and players. Further, cardiac monitors could include
heart rate or plethysmography monitors that could provide real time evaluation of

cardiophysiology while the compression device is in place.

The compression device can also have a pocket or pouch attached depending on the
height of the compression device used. Certainly, advertising can be imprinted or
emblazoned onto the device. One such embodiment of the invention would have a wider
segment of the collar positioned at the back of the neck on which to print a commercial

design or brand name.

One other means of restricting blood flow within the neck vasculature would be to
incorporate one or more segments of inflatable bladders within the collar to alter the
circumference or pressure the collar is exerting. One such embodiment could utilize a bulb
pump placed in connection to the bladders whereby the user would compress the bulb one or
multiple times until the desired pressure of air or fluid is retained within the bladder of the
collar. Another embodiment may utilize pressurized gas or fluid which is connected to the
bladders. Another embodiment would have a pressure release valve in communication with
the bladders such that once a predetermined pressure is reached within the bladder, any
successive pumping actions would merely divert the air or fluid pressure to the ambient air or
the pump itself would simply no longer inflate (an existing correlate example would be the
historical "Reebok Pump"). An embodiment with a pressure release valve could prevent
overinflation of bladders and allow for a very precise degree of pressure delivery to the

vasculature.

15



10

15

20

25

30

WO 2013/055409 PCT/US2012/040985

These terms and specifications, including the examples, serve to describe the
invention by example and not to limit the invention. It is expected that others will perceive
differences, which, while differing from the forgoing, do not depart from the scope of the
invention herein described and claimed. In particular, any of the function elements described

herein may be replaced by any other known element having an equivalent function.

In some embodiments of this aspect of the disclosure, the device can further comprise
a plurality of compressible pads or rigid forms sized for applying pressure substantially only
to a internal jugular vein, wherein at least one pad or form is disposed at each opposing end

of the resilient arcuate connector.

Particular embodiments of the collar are illustrated in FIGS. 1-3. Referring to FIGS.
1(a)-(c), a compression collar 10 includes an elongated strap 12 that may be provided in
various sizes to encircle the neck of the animal or human subject. In one specific
embodiment the strap may be provided in standard lengths of 14, 16 and 18 inches to fit the
normal range of neck sizes for humans. The width in a specific example may be about 1.5
inches to fit within the anatomy of the neck below the laryngeal prominence. To minimize
the prominence of the collar, the strap may have a thickness of about 0.12 inches. The strap
12 may be formed of a woven, breathable, dermatologically inert and non-irritating material,
such as cotton or certain polyesters. Since the strap is intended to apply consistent pressure
to the jugular vein of the subject the strap material is preferably generally elastic, but formed
of an elastic material that will not permanently stretch appreciably over time. It can be
appreciated that stretching the material so that the neutral length of the strap is longer than its
original condition can render the strap 12 useless. On the other hand, the strap material must
be sufficiently elastic or elastically elongatable to remain comfortable when worn for a long
period of time, and to flex appropriately with the muscles of the neck. The effective length of
the strap 12 is made adjustable by the addition of adjustable engagement elements 16 and 18
at opposite ends of the strap. For instance, in the embodiment shown in FIG. 1(a) the latch
element 16 defines a serrated channel 16a that receives the resilient prongs 18a of the other
element. The prongs 18a are biased to provide an outward force against the channel 16a of
the latch to hold the prongs at the location of a particular serration 16b. In the illustrated
embodiment, seven serrations are depicted which provide seven locations for engagement of

the prongs 18a for fine adjustment of the length of the collar. The two components 16, 18
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may be sewn onto the strap 12 or permanently affixed in a conventional manner sufficient so

that the engagement elements will not pull free from the strap during use.

Two versions of the collar are depicted in FIGS. 1(a) and 1(b). The version of FIG.
1(a) is provided for a male human and includes a cut-out 14 at the location of the laryngeal
prominence. The strap 12' of FIG. 1(b) does not include the cut-out and may be typically
provided for female human subjects. The cut-out may have a width of about 1.5 inches and a
depth of about 0.5 inches to accommodate the typical laryngeal prominence. It can be
appreciated that the collar 10 is engaged around the neck of the subject so that the cut-out 14

is below and sufficiently clear of the prominence to avoid any discomfort to the subject.

In a further feature of the collars 10, 10', a pair of compressible pads 20 are provided
spaced apart across the midline of the strap 12, 12'. The pads are sized and located to bear
against the neck at the location of the jugular veins. In one embodiment the pads are spaced
apart by about 2.5 inches, have a width/length dimension of 1.0-1.5 inches and a thickness of
about 0.04 inches. As shown in FIG. 1(c) the pads may be partially embedded within the
strap 12. The pads 20 may be formed of a breathable foam that exhibits good recovery from
compression. The pads may be formed of a material capable of exerting compression of 5-30

mm Hg when the collar is worn, such as a flexible polyurethane foam.

Additional embodiments of the compression collar are shown in FIGS. 2 and 3 that
incorporate different engagement elements. For instance, the collar 30 of FIG. 2 incorporates
an array of snap pairs 36 at one end that engage a pair of snaps 38 at the opposite end. The
snap pairs 36 may be spaced at pre-determined intervals, such as at %4 inch spacings to permit
adjustment of the collar diameter when worn. The collar 50 in FIG. 3 incorporates a row of
hooks 56 at one end that engage a corresponding row of loops 58 at the opposite end. The
embodiment of FIG. 3 illustrates that the engagement elements need not be adjustable,
although adjustability is preferred. In the embodiment of FIG. 3 this adjustability may be
accomplished by a VELCRO® type connection between the strap 52 and the row of loops 58.
In particular, a VELCRO® type pad interface 59 may be used to mount the loops 58 to the
strap at different positions along the length of the strap. In a further alternative, the
VELCRO® interface may be between the two ends with mating VELCRO® type pads on

each end.

17



10

15

20

25

30

WO 2013/055409 PCT/US2012/040985

In one aspect of the compression collars disclosed herein, the engagement elements
are preferably configured to break loose or disconnect at a certain load, to avoid the risk of
choking or damaging the subject's neck and throat if the collar is snagged or grabbed. Thus,
the engagement clements 16, 18 of FIG. 1, the snaps 36, 38 of FIG. 2 and the hook
attachment 59 of FIG. 3 can be calibrated to disconnect when the collar is pulled with
sufficient force. In a further embodiment, the engagement elements, such as snaps 36, 38,
may be replaced by magnets or a magnet array. The magnets are strong enough to maintain
the desired pressure on the jugular veins when the collar is in use. The magnet strength may
be calibrated to break loose at a certain load. The break-away feature may also be integrated
into the strap apart from the engagement elements. For instance, the strap may incorporate a
region between a pad 20 and an engagement element that has a reduced strength so that the
strap tears under a certain load. Alternatively, a non-adjustable engagement may be provided

in this region calibrated to disengage at a predetermined load.

In the embodiments of FIGS. 1 and 3, the jugular vein is compressed by the pad 20.
The pad has a predetermined thickness and compressibility. In an alternative embodiment,
the pads are replaced by inflatable bladders 40, as shown in FIG. 2. In this embodiment a
fluid line 46 connects the bladders to a pump 42 and a release valve 44. The pump 42 can be
of the type that is manually squeezed to draw atmospheric air into the bladders. A one-way
valve 43 is provided in the fluid line 46 at the pump 42 to maintain the increasing air pressure
within the bladders. The pump 42 may be constructed similar to a small engine primer bulb.
The pump may be configured to be manually depressed while the collar is being worn. The
release valve 44 may be manually activated to relieve the bladder pressure. The release valve
may also be configured to automatically vent when a certain pressure is reached to prevent

over-inflating the bladders 40.

In an alternative embodiment the pump 42 may be a microfluidic pump embedded
within the strap 32. The pump may be electrically powered by a battery mounted within the
collar or may be remotely powered such as by an RF transmitter placed adjacent the collar.
The pump may be remotely controlled by incorporating a transmitter/receiver within the
collar. The receiver may transmit pressure data indicating the fluid pressure in the bladders
40 and the receiver can receive remotely generated commands to activate the pump 42 to

increase the pressure to an appropriate value. It is further contemplated that the pump 42,
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whether manually or electrically operated, may include a pressure gage that is readable on the

outside of the collar to assist in inflating the bladders to the desired pressure.

The illustrated embodiments contemplate a collar that completely encircles the neck
of the subject. Alternatively the compression device may only partially encircle the neck. In
this embodiment the device may be a resilient arcuate band having a general C-shape. The
band may be formed of a resilient spring-like material with the compression pads mounted to
the ends of the C-shape. The device would thus function like a spring clip to exert pressure
against the jugular vein. The spring effect of the C-shape can also help hold the device on the

subject's neck, preferably on the back of the neck for better anatomic purchase.

A compression collar 60, shown in FIG. 4, may incorporate a visual compression
indicator that can be visualized when the collar is fitted on a user. The collar 60 includes a
strap 62 that may be configured like the straps 12, 32, 52 described above, and may
incorporate compression pads 20, 40 arranged to apply pressure to the jugular vein when the
strap encircles the neck of the subject. The strap 62 is elastic so that the strap must be
clongated or stretched when worn to apply the desired pressure to the IJV. The strap 62
includes an array 65 of stripes 66, 67 of alternating colors. For example, the stripes 66 may
be red (to signify a no-go condition) while the stripes 67 may be green (to signify a go
condition). The compression collar 60 further includes an overlay 70, shown in FIG. 5,
which includes a number of windows 72. The stripes 66, 67 and windows 72 are in like
numbers (four in the illustrated embodiment), have the same width and are spaced apart the
same dimension. In one specific embodiment the stripes 66, 67 have a width of 2 mm, while

the windows 72 have a width of 2 mm and are spaced apart by 2 mm.

As shown in FIG. 6, the overlay 70 is fastened at one end 75 to the strap 62. The
opposite end 76 is not fastened to the strap to thereby permit the strap to stretch beneath the
overlay. In the embodiments described above the entire strap is elastically elongatable. For
the compression indicator at least the portion of the strap in the region of the overlay 70 must
be clastic and able to elongate or stretch relative to the overlay. The overlay 70 is affixed to
the strap 62 so that all or a substantial portion of the "no-go" stripes 66 are visible in the
windows 72 when the strap is in its neutral, unstretched configuration (i.e., before the collar
is fitted to the subject), as shown in FIG. 7(a). When the collar is fastened around the
subject's neck it will stretch and as it stretches the stripes 66, 67 advance relative to the

windows 72 of the overlay 70. Thus, as shown in FIG. 7(b), a portion of both stripes 66, 67
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will be visible through the windows. When the strap is stretched a predetermined amount to
apply the desired pressure to the 1JV, the "go" stripes 67 will be fully or substantially visible
in each window 72, as shown in FIG. 7(¢). If the strap is stretched too much, the "no-go"
stripes 66 will again be visible in the windows. The compression indicator achieved by the
stripe array 65 and overlay 70 thus provides a direct visual indicator as to whether the collar
is applying the desired amount of pressure to the IJV. The collar may be adjusted so that the
"go" stripes 67 are visible by adjusting the engagement elements, or by using a collar having
a different starting length. For instance, for the collar 30 of FIG. 2, a different row of snaps

36 may be mated to the snaps 38 to achieve the desired compression.

In the embodiment of FIGS. 4-7, the array 65 includes four sets of parallel stripe pairs
66, 67. However, other visual indicia in any number of pairs may be utilized with
appropriate modifications to the windows 72 of the overlay. For instance, a the array 65 may
include visual indicia "GO" and "NOGO" or other words suitable to convey when the collar
60 is applying an appropriate amount of pressure to the IJV. Alternatively, the array may
include a single indicia that is visible through a single window in the overlay when the collar
is properly adjusted around the neck of the subject. The compression indicator is preferably
oriented on the collar at a location that is visible to the subject when looking at a reflective
surface. Alternatively, the indicia on the strap 62 may be a tactile indicator that can be felt by

the subject's finger through the window(s) in the overlay.

Another aspect of the disclosure encompasses embodiments of a method of increasing
the intracranial pressure of an animal or human subject comprising: (i) encircling the neck of
an animal or human subject with a collar, wherein said collar has at least one region inwardly
directed to contact the neck of an animal or human subject; (ii) positioning the at least one
region inwardly directed to contact the neck on a region of the neck overlying a neck vein
carrying blood from the intracranial cavity of the subject; and (iii) applying pressure to the
neck vein by pressing the at least one region against the neck. In certain embodiments, this
compression can be as much as 25 mm Hg without any side effects and without impacting the
carotid artery. It is believed that pressures as high as 80 mm Hg can be applied without
endangering the jugular vein. For many applications of the method, the pressure applied to
the neck vein, or jugular vein, can be 3-15 mm Hg. Applying pressure to the jugular vein can
increase ICP up to 30% above the baseline pressure to protect the intracranial cavity from

blast-related SLOSH effects without any side effects.
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In accordance with one embodiment of the method, a compression collar, such as the
collars 10, 10', 30 and 50 are placed low on the neck of the subject and more particularly
between the collar bone and the cricoids cartilage or laryngeal prominence. This location is
distant from the carotid sinus which is higher on the neck, so application of pressure to the
neck will not compress the carotid artery. In the case of a male subject, the cut-out 14 of the

strap 12 is positioned directly beneath the laryngeal prominence.

The collar may be pre-sized to the subject so that it automatically delivers the proper
amount of compression when the ends of the collar are connected. Moreover, as explained
above, the engagement elements (i.c., the latching elements 16, 18, the snaps 36, 38, the
hooks 56, 58 or the VELCRO® connection) may be configured to break away or disengage if
the pressure exceeds a desired value. This break away feature may also be applied with the
pump embodiment of FIG. 2 in which case the bladders 40 can be inflated until the elements
become disengaged, at which point the valve 44 may be actuated to bleed off some pressure
from the bladders prior to refitting the collar on the subject's neck. In the alternative
embodiment of the pump discussed above in which the pump is provided with a pressure
gage, the bladders are inflated to the desired pressure indicated on the gage. In most cases,
the desired compression provided by the collar may be in the range of 15-20 mm Hg,

although higher pressures are well tolerated and may be indicated for certain subjects.

It can be appreciated that the collar is only worn when the subject may be exposed to
a concussive event, such as a blast during a military battle or hard contact during a sporting

activity. Once exposure to such an event ceases the collar may be removed.

Example 1
Materials and Methods: Two groups of ten (total of 20) male Sprague-Dawley rats
weighing between 350 and 400 grams were used. Animals were housed under 12 hour

light/12 hour dark conditions with rat chow and water available ad libitum.

Marmarou impact acceleration injury model in rats: Anesthesia was induced and
maintained with isoflurane using a modified medical anesthesia machine. Body temperature
was controlled during the approximately 10 min. procedures using a homeothermic heating
blanket with rectal probe, and adequate sedation was confirmed by evaluation of response to
heel tendon pinch. The animals were shaved and prepared in sterile fashion for surgery,

followed by subcutaneous injection of 1% lidocaine local anesthetic into the planned incision
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site. A 3 cm midline incision in the scalp was made and periosteal membranes separated,
exposing bregma and lambda. A metal disk 10 mm in diameter and 3 mm thick was attached

to the skull with cyanoacrylate and centered between bregma and lambda.

The animal was placed prone on a foam bed with the metal disk directly under a
Plexiglas tube. A 450-g brass weight was dropped a single time through the tube from a
height of 2 meters, striking the disk. The animal was then ventilated on 100% oxygen while
the skull was inspected, the disk removed, and the incision repaired. When the animal
recovered spontaneous respirations, anesthesia was discontinued and the animal was returned
to its cage for post -operative observation. Buprenorphine was used for post-operative

analgesia.

Example 2

Experimental protocol: This work involved two groups, each consisting of 10 animals
for a total of 20 animals. Two groups were utilized, a control injury group and an
experimental injury group. In the experimental injury group the rats were fitted with a 15
mm wide collar, with two compressive beads designed to overlay the 1JVs and was tightened
sufficiently to provide mild compression of the veins without compromising the airway. The
collar was then fixed in circumference with a Velcro fastener. The collar was left in position

for three minutes prior to administrating experimental brain injury.

Assessment of Intracranial Reserve Volume Intracranial Pressure (ICP)
Measurement: 1CP was measured in five animals using the FOP-MIV pressure sensor (FISO
Technologies, Quebec, Canada) as described by Chavko, ef al. The head of the rat was
shaved and prepped in sterile fashion for surgery. The rat was fixed in a stereotaxic
apparatus (model962; Dual Ultra Precise Small Animal Stereotaxic Instrument, Kopf
Instruments, Germany) and a 3 cm mid-line incision in the scalp was made. Periosteal
membranes were separated, exposing both bregma and lambda. A 2 mm burr hole was
drilled 0.9 mm caudal from bregma and 1.5 mm from the midline. The fiber optic probe was

then inserted to a depth of 3 mm into the cerebral parenchyma.

Intraocular Pressure (IOP) Measurement: 10P was measured in all animals using the
TonoLab rebound tonometer (Colonial Medical Supply, Franconia, NH) as described in the

literature. IOP measurements were taken after induction of anesthesia in all animals and a
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second time in the experimental group following application of the IJV compression device.
Following application of the IJV compression device in the experimental injury group, |OP

readings were taken every 30 secs while the compression device was in place.

Tissue Preparation and Imrnunhistochemical Labeling: At 7 days post-injury all
animals (n=20) were anesthetized and immediately perfused transcardially with 200 ml cold
0.9% saline to wash out all blood. This was followed by 4% paraformaldehyde infusion in
Millings buffer for 40 mins. The entire brain, brainstem, and rostral spinal cord were
removed and immediately placed in 4% paraformaldehyde for 24 hours. Following 24 hours
fixation, the brain was blocked by cutting the brainstem above the pons, cutting the cerebellar
peduncles, and then making sagittal cuts lateral to the pyramids. The resulting tissue,
containing the corticospinal tracts and the mediallenmisci, areas shown previously to yield
traumatically injured axons, was then sagitally cut on a vibratome into 50 micron thick

sections.

The tissue underwent temperature controlled microwave antigen retrieval using
previously described techniques. The tissue was pre-incubated in a solution containing 10%
normal serum and 0.2% Triton X in PBS for 40 mins. For amyloid precursor protein (APP)
labeling, the tissue was incubated in polyclonal antibody raised in rabbit against beta APP
(#51-2700, Zymed, Inc., San Francisco, CA) at a dilution of 1:200 in 1% NGS in PBS
overnight. Following incubation in primary antibody, the tissue was washed 3 times in 1%
NGS in PBS, then incubated in a secondary anti-rabbit IgG antibody conjugated with Alexa
488 fluorophore (Molecular Probes, Eugene, OR), diluted at 1:200 for two hours. The tissue
underwent a final wash in 0.IM phosphate buffer, and then was mounted using an antifade
agent and cover-slipped. The slides were sealed with acrylic and stored in the dark in a

laboratory refrigerator.

Fluorescent Microscopy and Image analysis: The tissue was examined and images
acquired using a Olympus AX70 fluorescence microscope system (Olympus; Tokyo, Japan).
Ten digital images were obtained from the tissue of each animal and images were then
randomized. Individual injured axons were independently counted and data was stored in a
spreadsheet (Microsoft Corp., Redmond, WA). Differences between group means were
determined using paired t-tests and considered significant if the probability value was less

than 0.05.
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Stereological Quantification of axonal injury: A stereo logical method was used to
determine an unbiased estimate of the number of APP positive axons per cubic mm in the
corticospinal tract and medial lemniscus. The optical fractionator technique utilizing a
Stereoinvestigator 9.0 (MBF Bioscience, Inc., Williston, VT) and a Olympus AX70
microscope with 4x and 40x objectives was performed. Sagittal APP stained specimens were
examined with low magnification and regions of interest were drawn incorporating the
corticospinal tract and medial lemniscus. The software then selected random 50 micron
counting frames with depth of 15 microns, and APP positive axons were marked. The
volume of the region of interest (ROI) was determined using the Cavalieri method, the
volume of the sum of the counting frames was calculated, the sum total of injured axons
within the counting frames was calculated, and an estimate of the number of APP positive

axons per cubic mm was calculated.

Example 3

Volume Intracranial Pressure (ICP) Measurement: 1CP was assessed both prior to
and after application of the IJV compression device. The baseline ICP was 10.23 £ 1.68 mm
Hg and was increased to 16.63 = 2.00 mm Hg following IJ'V compression (FIG. 8: p<0.01).
Notably, this increase of greater than 30% from baseline occurred within seconds following
1JV compression. Intraocular Pressure (I0P) Measurement: [OP measurements were taken
both before and after application of the IJV compression device, similar to ICP recordings.
The baseline lOP was 11.18 £2.27 mm Hg and was elevated to 16.27 +£3.20 mm Hg
following IJV compression (FIG. 9: p<0.01).

The increase of 31% seen in 10P following IJV compression is strikingly similar to
that seen in ICP following IJV compression, both in magnitude and rapidity of response

(FIG. 10).

TBI- Impact Acceleration Model: None of the animals died from the head trauma.
Animals tolerated collar application without any observed untoward effects for the duration
of the experiment. Specifically, there were no outward or visible signs of discomfort,
intolerance, or respiratory difficulty. All recovered without complication and exhibited
normal behavioral and feeding habits up until the day of sacrifice. At necropsy, the brains

were grossly normal in appearance.
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Stereologic Analysis of APP Positive Axons: To determine the density of injured
axons in the corticospinal tracts and medial lenmisci, the stereo logical optical fractionator
method was used. Compared to the normal anatomy found in previous experiments with
sham animals, control animals without the collar demonstrated focal labeling of APP within
many swollen contiguous and terminal axon segments, consistent with impaired axoplasmic
transport in traumatic axonal injury. Following microscopic digital image acquisition from
multiple areas within the corticospinal tract and medial lenmisci from multiple tissue slices,
counting of APP positive axons in animals who received the IJV compression collar
demonstrated much fewer APP positive axons, at a frequency much more similar to sham
animals, compared to those undergoing injury without IJV compression (Figs. 4A and 4B).
These abnormal axons demonstrated typical morphological characteristics of traumatic
injury, primarily swelling and disconnection. By qualitative analysis, the experimental group
showed (m + sd) 13,540 + 9808 vs. 77,474 + 25,325 (p<0.0l) APP positive axons/ mm’ in
the control group (FIG. 12).

Example 4

Two groups of 10 adult male Sprague-Dawley rats were subjected to an impact
acceleration traumatic brain injury. Prior to the injury, the experimental group had
application of a 15 mm wide cervical collar, which had two compressive beads over the
internal jugular veins (IJVs). The control group had the experimental injury only.
Intracranial pressure (ICP) and intraocular pressure (IOP) were measured before and after IV
compression to assess collar performance. All rats were sacrificed after a 7-day recovery
period, and brainstem white matter tracts underwent fluorescent immunohistochemical
processing and labeling of beta amyloid precursor protein (APP), a marker of axonal injury.
Digital imaging and statistical analyses were used to determine if IJV compression resulted in

a diminished number of injured axons.

Example 5

All animals survived the experimental paradigm and there were no adverse reactions
noted following application of the collar. In the experimental group, IJV compression
resulted in an immediate and reversible elevation of ICP and IOP, by approximately 30%,
demonstrating physiologic changes secondary to collar application. Most notably,
quantitative analysis showed 13,540 APP positive axons in the experimental group versus

77,474 in the control group (p<0.0), a marked reduction of greater than 80%.
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Using a standard acceleration-deceleration impact laboratory model of mild TBI, a
reduction of axonal injury following IJV compression as indicated by immunohistochemical
staining of APP was shown. 1JV compression reduces SLOSH-mediated brain injury by
increasing intracranial blood volume and reducing the compliance and potential for brain

movement within the confines of the skull.

Example 6

Internal versus External Brain Protection: Compression of the 1JV for 3 min prior to
head trauma led to physiological alterations in intracranial compliance, as evidenced by
modest increases in ICP and 10P, while simultaneously and markedly reducing the pathologic
index of primary neuronal injury in the standardized rat model of TBI. Reduction in brain
volume compliance could prevent the differential motions between the cranium and the brain
that lead to energy absorption and neuronal primary and secondary injuries. These
pathological changes include axonal tearing that disrupt axoplasmic transport resulting in
axonal swelling and activation of the apoptotic cascades, as evidenced in this model by a

statistically significant reduction in APP counts of injured axons.

In the animal model of the present disclosure, applying the collar increased ICP and
10P by 30% and 31%, respectively. The effect of compression of jugular veins on ICP is
clinically well known. The Queckenstadt test is used to indicate the continuity of CSF
between the skull and spinal cord. In this test, ICP is increased by compression of the IJVs
while the CSF pressure is measured in the spine through a lumbar puncture. Increases in ICP
have also been shown to occur with placement of tight fitting neck stabilization collars that
likely compress the IJVs. Compression of the IJVs, which can occur when wearing shirts
with tight collars or neckties, has also been shown to increase IOP. Notably, only mild
compressive pressure is required to partially occlude the IJVs as they are a low pressure
system. As the inflow of cerebral arterial blood continues after partial cerebral venous outlet
obstruction, the intracerebral and venous pressure increases until the jugular venous
resistance is overcome or the blood drainage is redirected to other venous channels. In either

case there is a reduction in intracranial compliance and a modest increase in ICP.

The immunohistochemical assay used in the studies of the present disclosure is
specific for axonal damage and results in a reliable range of measured damaged neurons. In
addition, the Marmarou model of acceleration-deceleration injury is an accepted and well-

studied methodology by which to quantify the extent of TBI. The reduction in damaged
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axons, as evidenced by a marked reduction in APP counts, in the experimental group with the
1IJV compression device is highly statistically significant (p<0.01). Additionally, the change
in ICP was measured after applying the collar in five rats. The results show that every study

rat had a reduction in axonal injury greater than the 95% confidence interval of the control

group.

In a further aspect of the present invention it has been found that applying
compression to the internal jugular vein not only reduces the risk of TBI, but also the risk of
damage to the inner ear, spinal cord and structures of the eye. With respect to the ear,
reducing 1IJV outflow will congest the cochlear vein and thereby take up the compliance of
the inner ear or more particularly the fluid within the inner ear. Since the auditory hair cells
react directly to the vibrations in the cochlear fluid they are particularly susceptible to
SLOSH energy absorption. Increasing the pressure of the fluid within the inner ear reduces
the compressibility of the fluid within the inner ear structure so that blast energy is
transmitted mechanically through the inner ear rather than absorbed by it in the form of
vibration of the fluid. It is noted that increase the fluid pressure does not generally reduce
transverse vibrations of the cochlear duct so the transmission of blast energy through the
inner ear may still lead to perforation of the eardrum. But in many cases ruptured ear drums
will heal or can be repaired. On the other hand, SLOSH-related damage to the fine auditory
hair cells does not heal and cannot be repaired. Even if mitigating internal fluid vibration
from blast energy increases the incidence of eardrum rupture the methods disclosed herein

significantly reduce the risk of permanent hearing dysfunction.

With respect to the spinal cord, it has been found that reducing applying the IJV
pressure techniques described herein reduces the compliance of fluid along the spinal axis
reduces the risk of blast-related spinal injury. The spinal injury mode is similar to the inner
ear damage mode in that the spinal cord tracts may be regarded as the sensitive filaments in a
fluid environment. Fluid vibration due to SLOSH can damage and may even sever spinal
cord tissue. Increasing the CSF pressure by compression of the IJV according to the
procedure disclosed herein will significantly reduce the CSF vibration due to blast energy.
Moreover, increasing the CSF pressure increase the axial load-bearing capacity of the spinal

column which can reduce the likelihood of collapse of the spinal column due to blast energy.

With respect to the structure of the eye, the injury mode is similar to that of the inner

ear and spine in that vibrations of the vitreous humor can lead to permanent damage to the
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internal structure of the eye. As demonstrated by woodpecker increasing intraocular volume
and pressure protects the internal structure of the eye. Using the compression band to apply
pressure to the 1JV as disclosed herein the intra-ocular pressure can be increased 36-60%.
Safely and reversibly increasing CSF and thereby intra-ocular pressure using the compression
band disclosed herein can prevent or at a minimum significantly reduce the vibration of the

vitreous humor within the eye, thereby reducing the risk of blast-related damage.

Finally, as discussed above, the concussive events leading to TBI, has also been found
to be a leading cause of anosmia (loss or impairment of olfactory function, i.c., sense of
smell). Increasing intracranial pressure as described above can reduce the risk of TBI and the
associated impairment of olfactory function. In the case of Breecher or bomb-sniffing dogs
the collar may be sized to fit the neck of the animal and the pressure adjusted to account for

the greater thickness of the neck at the 1JV over that of a human subject.

The foregoing description addresses blast-related traumatic injuries to the intracranial
cavity, such as TBI, and injuries to the inner ear, spinal cord and ocular structure. The
compression devices disclosed herein may thus be worn by military personnel during battle
and removed when not in combat. Although certainly less dramatic, certain sports can
expose the intracranial cavity to concussive forces that create the risk of these same traumatic
injuries, most notably football. The compression collar disclosed herein would be worn by
the sports participant in the field of play. The embodiments of the collar disclosed herein are
relatively non-intrusive and the "break away"” feature described above eliminates the risk of

the collar being inadvertently pulled.
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CLAIMS

1. A method for mitigating injury to the inner ear of a subject exposed to an external
concussive force comprising increasing the cochlear pressure in the ear of the subject prior to

and during exposure to the external concussive force.

2. A method for mitigating injury to the inner ear of a subject exposed to an external
concussive force comprising applying pressure to at least one internal jugular vein prior to and
during exposure to the external concussive force, wherein said pressure is sufficient to restrict
blood flow through said at least one internal jugular vein and increase the cochlear pressure in

the ear of the subject.

3. The method of claim 2, comprising applying pressure to both internal jugular veins

prior to and during exposure to the external concussive force.

4. The method of any one of claims 2-3, wherein the pressure is applied to the internal
jugular vein(s) by a collar sized to partially or fully encircle the neck of the subject, wherein the
collar comprises one or more inwardly-directed regions to contact the neck and apply localized

pressure to the internal jugular vein(s).

5. The method of claim 4, wherein the inwardly-directed region comprises a

compression pad.
6. The method of claim 5, wherein the compression pad is not inflatable.
7. The method of claim 5, wherein the compression pad is inflatable.

8. The method of any one of claims 4-7, wherein the collar is adapted to apply not more

than 80 mm Hg pressure on the internal jugular vein(s).
9. The method of any one of claims 2-8, wherein the pressure is 5-25 mm Hg.

10. The method of any one of claims 1-9, wherein the external concussive force is a blast

wave or a collision.
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11. A collar when used in the method of any one of claims 1 to 10, said collar sized to
partially or fully encircle the neck of a subject, wherein the collar comprises one or more
inwardly-directed regions to contact the neck and apply localized pressure to the internal jugular

vein(s).
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