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FIG.TA

partment syndrome comprising introducing an effective amount of a
nerve-blocking toxin, such as human botulinum toxin into the muscle.
Further in addition to treating chronic or exertional compartment syn-
drome, a method is included in the disclosure of confirming diagnosis of
exertional compatlment syndrome in a muscle of a mammal. In the meth-
od, venous compression and/or expansion in a mammal in an area of a
muscle having a symptom associated with exertional compartment syn-
drome is evaluated by comparing venous flow at rest and after stress on
the muscle. An anaesthetic is used to block a nerve supplying motor
function to the muscle causing compression of a blood vessel. The mam-
mal is evaluated after the block of the nerve to determine if the symptom
associated with exertional compartment syndrome is alleviated.
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TITLE OF THE INVENTION
[0001] Method for Treating and Confirming Diagnosis of Exertional Compartment

Syndrome

CROSS-REFERENCE TO RELATED APPLICATION
[0002] This application claims the benefit under 35 U.S.C. §119(¢) of U.S. Provisional

Patent Application No. 61/509,919, filed July 20, 2011, the entire disclosure of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
[0003] The invention relates to the field of treatment of a mammal having exertional

compartment syndrome and methods for confirming diagnosis of compartment syndrome
resulting from vessel compression, overuse or other vascular stress, and more particularly to a
method of non-surgically treating and confirming diagnosis of humans, including athletes,

having exertional compartment syndrome.

DESCRIPTION OF RELATED ART
[0004] Chronic exertional compartment syndrome, also known as exercise-induced

compartment syndrome, is a disease that generally impacts athletes and can be debilitating. It is
caused by reversible ischemia in an affected compartment. Various ctiologies have been
proposed, but the actual cause is believed not to have yet been proven. Typical treatment is
fascial release of the affected compartment.

[0005] In the discase, the patient may feel pain, for example, in the calf which increasingly
worsens with exercise. Exertional compartment syndrome is severely painful and more often
than not affects high level athletes. The pain typically centers in the calf muscles and
progressively worsens with higher levels of activity. The pain is sometimes described by
patients as increasing pain and pressure under the skin. The symptoms can seem to the patient
to get progressively worse but, in the case of advanced athletes, they may continue to train and

exercise to meet goals.
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[0006] It is believed that the symptoms of pain and tightness are the result of pressure that
builds up within a muscle(s) of a patient, typically in a limb such as the leg or arm and most
typically in the leg. As muscles are surrounded by tight tissue known as fascia, in normal use,
the fascia has sufficient space for allowing muscles to function properly. However, in the case
of athletes or other exertional use, as activity increases, so does blood flow to the muscle.
Muscle size increases, but if the fascia is too constrictive, blood flow to the constricted muscle
can be interrupted. Lack of blood flow leads to ischemia and associated pain.

[0007] Currently there are non-surgical steps to alleviate symptoms but no non-surgical
treatments. Physicians may prescribe rest, physical therapy, or changes in exercise habits to
alleviate symptoms, but these recommendations do not always work and do not treat the
underlying discase.

[0008] If non-surgical recommendations for alleviating symptoms are ineffective, typical
treatment is a surgery on the affected muscle compartment or compartments, which are
generally in the leg. The surgery itself is not always successful with some patients having
recurrent symptoms months to years later. Such surgery is the primary treatment of chronic
exertional compartment syndrome, and currently the most effective. In the surgery, the
physician operates on the fascia, the inclastic tissue encasing muscle compartments. A
fasciotomy involves cutting open the fascia of each affected compartment. Alternatively, a
surgery may include actually removing a portion of the fascia, known as a fasciectomy. The
surgery is intended to release or decompress the arca so the compartment can release pressure
otherwise blocked by the fascia.

[0009] Complications of such surgeries include infections, nerve damage (which can be
permanent) caused by inadvertent cutting or damage to nerves while undertaking the surgery,
scarring and numbness in the area. There are also cosmetic issues in that muscles may appear
to enlarge during exercise due to the lack of normal fascia containment.

[0010] Other non-surgical symptom treatments and/or preventative paths have also been
suggested, including transdermal vitamin D3 treatment as described in International Patent
Publication WO 2010/082837 A1l and use of preventative supplements to avoid the disease as
described in U.S. Patent Publication No. 2006/0257503A1. The latter publication suggests a
supplement for avoiding occurrence of compartment syndrome caused by a variety of pathways
including exertional compartment syndrome in the forearm associated with "muscle pump" in

professional motocross athletes. The publication describes a nutritional ingestible supplement
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mixture including magnesium chelate, malic acid, dicthylglycine HCI1 and niacinamide which is
intended to reduce the occurrence of the discase.

[0011] Much work has been done to improve diagnosis of the disease pathway (see, ¢.g.
U.S. Patent 7,381,186 directed to measuring pressure build-up in muscles). However, needs in
the art still exist to confirm diagnosis and properly identify the ctiology of the discase and also
to provide better, more reliable, less invasive and preferably non-surgical treatment for
compartment syndrome due to vessel compression, overuse, stress and the like, particularly

exertional compartment syndrome.

BRIEF SUMMARY OF THE INVENTION
[0012] The invention herein includes a method of treating exertional compartment

syndrome in a muscle of a mammal. The method comprises introducing an effective amount of
a nerve-blocking toxin into the muscle. The muscle is preferably located in a limb of the
mammal, such as a leg. The muscle is preferably at least one of the adductor longus muscle,
the sartorius muscle, the vastus intermedius muscle, the adductor magnus muscle, the popliteus
muscle, the gastrocnemius muscle, the soleus muscle, and/or the plantaris muscle, and the
mammal is preferably a human.

[0013] In an embodiment herein, the nerve blocking toxin is a human botulinum toxin, and
more preferably the toxin is onabotulinumtoxin A, otherwise commercially known and
available as BOTOX®. Preferably, the human botulinum toxin is in solution form and diluted,
for example, with saline or a similar suitable delivery solution.

[0014] The method may further comprise introducing human botulinum toxin adjacent a
blood vessel in an arca of the muscle wherein there is a blood vessel compression and/or
expansion. In one embodiment herein, the mammal is a human, the muscle is the adductor
longus muscle, the sartorius muscle, the vastus intermedius muscle and/or the adductor magnus
muscle, the arca is adjacent a blood vessel in an arca of the muscle experiencing symptoms. In
a further embodiment, the mammal is a human, the human botulinum toxin is introduced in a
proximal area of the muscle to be treated adjacent to a blood vessel. The method may also
further comprise introducing the human botulinum toxin into the muscle percutancously
through at least onc injection.

[0015] In the method, preferably, an effective amount of human botulinum toxin to be used
is about 50 units to about 600 units, more preferably about 50 to about 300 units, most

preferably about 50 to about 150 units, and in one embodiment, about 100 units.
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[0016] The method in an embodiment herein may further comprise introducing the human
botulism percutancously through at least one injection into an area of the muscle adjacent a
blood vessel under compression and/or expansion, wherein the muscle is at least one muscle
elected from an adductor muscle, a sartorius muscle, a vastus intermedius muscle, an adductor
magnus muscle, a popliteus muscle, a gastrocnemius muscle, a soleus muscle and/or a plantaris
muscle. In such embodiment, the method preferably further comprises introducing the human
botulinum toxin into first and second areas of the muscle, each adjacent a blood vessel under
compression and/or expansion percutancously through a first percutancous injection, wherein a
distal end of a needle is located in a first area, and a second percutancous injection, wherein a
distal end of a second needle is located in the second area, for example, by injecting human
botulinum toxin in two injections, into areas of cach leg of a patient to be treated. The effective
amount in such embodiment may be about 50 units to about 300 units. More preferably about
half of the effective amount is introduced through cach of the first needle and the second
needle.

[0017] If desired, the method can also comprise anaesthetizing the skin or a percutancous
arca of the mammal prior to the at least one injection in an arca of an injection site.

[0018] The method may also comprise identifying vascular anatomy through use of
ultrasound prior to the at least one injection, and confirming placement of a distal end of a
needle(s) within the muscle for use in the at least one injection via use of computer tomography
(CT), magnetic resonance imaging (MRI) and/or sonographic technology.

[0019] The invention also includes a method of treating exertional compartment syndrome
in a muscle of a human, comprising introducing about 50 units to about 600 units of a human
botulinum toxin into an arca of the muscle adjacent a blood vessel under compression and/or
expansion.

[0020] In yet another embodiment, a method of treating exertional compartment syndrome
in at least one of an adductor longus muscle, a sartorius muscle, a vastus intermedius muscle, an
adductor magnus muscle, a popliteus muscle, a gastrocnemius muscle, a soleus muscle and/or a
plantaris muscle of a human is provided. The method comprises introducing about 50 units to
about 300 units of a human botulinum toxin into an area of the muscle adjacent a blood vessel
under compression and/or expansion.

[0021] The invention also incorporates a method of confirming diagnosis of exertional

compartment syndrome in a muscle of a mammal, comprising evaluating venous compression
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and/or expansion in a mammal in an area of a muscle having a symptom associated with
exertional compartment syndrome by comparing venous flow at rest and after stress on the
muscle; using an anacsthetic to block a nerve or a branch thercof supplying motor function to
the muscle causing the symptom; and evaluating the mammal after the block of the nerve or the
branch thereof to determine if the symptom associated with exertional compartment syndrome
is alleviated.

[0022] In the method of confirming diagnosis of exertional compartment syndrome in a
muscle of a mammal noted above, the venous compression and/or expansion may be evaluated
through CT angiography, ultrasound, magnetic resonance (MR) angiography, angiography
and/or MRI in the area of the muscle.

[0023] In an embodiment of the method of confirming diagnosis of exertional compartment
syndrome in a muscle of a mammal, the mammal is preferably a human, the muscle is one or
more of the adductor longus muscle, the sartorius muscle, the vastus intermedius muscle and/or
the adductor magnus muscle. The blocked nerve may be an obturator nerve or a branch thereof.
Preferably the blocked nerve is an anterior branch of the obturator nerve. In addition,
preferably venous compression and/or expansion are evaluated on a femoral vein and a calf
vein(s). In a further embodiment, the muscle is a popliteus muscle, a gastrocnemius muscle, a
soleus muscle and/or a plantaris muscle. The blocked nerve may be one or more of an

obturator nerve, a perineal nerve, a tibial nerve, a sciatic nerve and/or branches thereof.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0024] The foregoing summary, as well as the following detailed description of preferred

embodiments of the invention, will be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the invention, there is shown in the
drawings embodiments which are presently preferred. It should be understood, however, that
the invention is not limited to the precise arrangements and instrumentalities shown. The
patent or application file contains at least one drawing executed in color. Copies of this patent
or patent application publication with color drawings will be provided by the Office upon
request and payment of the necessary fee.

[0025] In the drawings:

[0026] Fig. 1A is a view of a patient having an injection site for a treatment according to an

embodiment of a treatment method herein;
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[0027] Fig. 1B is an enlarged transverse cross-sectional representation of the leg of a
patient of Fig. 1A showing an adductor longus muscle and adductor canal taken along line 1B-
1B;
[0028] Fig. 2A is a volume rendered CT image with the legs of the patient in the Example
at rest.

[0029] Fig. 2B is a volume rendered CT image with the legs of the patient in the Example
stressed by plantar flexing the feet against resistance provided by a sheet wrapped around the
feet.

[0030] Fig. 3A is an axial contrast enhanced CT image of the patient in the Example at rest
demonstrating normal vascular performance within the posterior calf muscles.

[0031] Fig. 3B is a further, repeat image after stress maneuvers demonstrating extensive
abnormal venous engorgement in the posterior calf muscles.

[0032] Fig. 4 is an axial CT image at the level of the distal adductor canal of the patient in
the Example demonstrating arterial opacification with complete compression of the femoral
vein during stress mancuvers.

[0033] Fig. 5A is an axial CT image demonstrating needle placement in the distal adductor
longus muscle for injection of BOTOX;

[0034] Fig. 5B is a volume rendered CT image demonstrating needle placement in the
adductor longus muscle for injection of BOTOX;

[0035] Fig. 6 is a graphic illustration showing location of the obturator nerve and adductor
longus muscle;

[0036] Fig. 7 is a CT scan image of the adductor canal of the patient in the Example after
obturator nerve block with stress mancuvers, showing only minimal compression of the femoral
nerve; and

[0037] Figs. 8A and 8B are ultrasound images of the adductor canal of the patient in the
Example three weeks after treatment with human botulinum toxin demonstrating that the
femoral artery (shown in red) and femoral vein (shown in blue) both at rest and under stress,

respectively, show no compression.

DETAILED DESCRIPTION OF THE INVENTION
[0038] The invention provides innovations in the art concerning diagnosis and treatment of

exertional compartment syndrome. The diagnostic method herein confirms such diagnoses

usually made by physicians by confirming that venous compression and/or expansion in an arca
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of the muscle affected by symptoms is the ctiology of the discase, by demonstrating also that
such symptoms can be alleviated by blocking nerve action in the area. Based on such
diagnostic rescarch, the applicant herein also discovered a new non-surgical treatment of
exertional compartment syndrome using a nerve-blocking toxin such as human botulinum
toxin. Such venous compression and/or expansion can occur anywhere along the deep venous
system in the leg, in either the calf or thigh, leading to exertional compartment syndrome.
[0039] As used herein, "compartment" refers to muscles and associated nerves and vessels
located within a generally non-compliant collagenous membrane otherwise known as a fascia.
"Exertional Compartment syndrome" refers to a discase associated with increased pressure
within a compartment through swelling and/or bleeding or other conditions within the
compartment that compress or otherwise affect blood vessel flow within the compartment
causing pain and/or other symptoms in a mammal or any other compartment syndrome caused
by stress, overuse or other associated cause of vascular compression. Typically such exertional
compartment syndrome is caused by extended exercise, sports, or other source of muscular
stress as can be caused by physical exertion that can lead to chronic compartment syndrome,
also known as exertional compartment syndrome or exercise-induced compartment syndrome.
[0040] For the purpose of illustrating the invention, information and description herein are
provided with a focus on exertional compartment syndrome, although it should be understood
by one skilled in the art based on this disclosure that various forms of compartment syndrome
involving vascular compression from a varicty of causes may be diagnostically confirmed
and/or treated by the methods provided herein.

[0041] As used herein, "mammal” refers to a human or animal having muscular tissue and
associated vasculature and nervous system and that may develop chronic or acute pain as a
result of exertional compartment syndrome. Although animals having such characteristics are
also within the scope of the invention, for the purposes of best illustrating the methods herein,
the detailed description is based on treatment of a human patient, but one skilled in the art
would understand that similar principles and diagnostic and treatment methods could be applied
to animals provided the effective amount were directed to an animal and not a human.

[0042] As used herein, a "limb" is an arm or leg. For the purpose of illustrating the
invention, the detailed description herein refers to a leg and, more specifically to a muscle in
the leg in the thigh or calf. Details are provided herein with the example of the adductor longus

muscle; as such muscle can be associated with exertional compartment syndrome. However,



10

15

20

25

30

WO 2013/012457 PCT/US2012/030623

the invention should not be seen as restricted thereto, and can be applied to treatment of various
forms of chronic compartment syndrome, including exertional compartment syndrome, for
example, in the arm or other body locations. In the leg, the treatment may be administered in
one or more of the adductor longus, sartorius, vastus intermedius muscles, adductor magnus
muscle, popliteus muscle, gastrocnemius muscle, soleus muscle, and the plantaris muscle, with
the adductor longus being a common area for treatment.

[0043] Various compartments within the leg can also be treated depending on where venous
compression and/or expansion is experienced, for example, treatment may occur in the anterior
compartment, the deep posterior compartment, the superficial posterior compartment and/or the
lateral compartment, wherein, for example, various venous compression and/or expansion may
be experienced on the anterior tibial vein in the anterior and lateral compartments, on the
posterior tibial vein and/or perineal vein in the deep posterior compartment, and in the popliteal
vein and/or gastrocnemius vein in the superficial compartment. Blockage sites thus can occur
in the popliteal and femoral veins of the thigh as well as in the locations noted above in the calf
arca of the leg.

[0044] The method includes the step of introducing an effective amount of a nerve blocking
toxin such as human botulinum toxin into the muscle. The human botulinum toxin preferred is
as onabotulinumtoxin A, which is commercially available and FDA approved, and also known
in the art as BOTOX®. BOTOX® is known as a sterile, lyophilized form of botulinum toxin
type A, which is produced from a culture of the Hall strain of C botulinum. 1t is purified by
various acid precipitations into a crystalline complex having the toxin and other proteins. It is
distributed in 100-unit vials.

[0045] Other nerve blocking toxins, such as other forms of human botulinum toxin may
also be used, including DYSPORT which is sold, for example, in Europe, is made using
column-based purification methods and is sold in 500-unit vials. Dysport is also a botulinum
toxin type A preparation, but differs from BOTOX® in its potency which is about four times
greater than BOTOX® on a per unit basis, however, a Dysport dose can be about four times a
BOTOX® dose to generate a similar clinical effect. The differences are generally associated
with differences in strain, method of making, diffusion, and potency testing.

[0046] Thus, other forms of nerve blocking toxins, such as human botulinum toxin may be
used, but the effective amount needed for treatment will have to be adjusted from those

recommended herein which are base on the preferred embodiment of BOTOX®.
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[0047] Preferably, as administered, a human botulinum toxin is introduced in solution form
and diluted with a delivery fluid, such as saline. However, other solutions, wherein the human
botulinum toxin is not diluted or wherein it is diluted with other known solutions which may be
used and/or introduced into a muscular arca are within the scope of the invention. Also within
the scope of the invention is the ability to combine the human botulinum toxin in solution with
other medicaments for treatment of the arca of the muscle to which the human botulinum toxin
is to be introduced. For example, it is possible to introduce steroids and similar anti-
inflammatory treatments, when a patient experiences muscle pain. In preparing the human
botulinum toxin, typically, the commercially available dosage is reconstituted with saline, and
depending on the desired dosage, can vary in terms of the amount of saline to be used.
Dilutions are indicated based on the desired injection and dosage size. The higher the dose in
one injection, and less dilute the injection need be, and the more dilute the solution, the lesser
the dosage amount in a given injection. Thus, different dilutions may apply if one is
introducing the dosage for a given leg in more than one injection.

[0048] The preferred human botulinum toxin is preferably in liquid form as noted above,
and is preferably introduced into the effected muscle tissue. The preferred location for
introduction of the nerve-blocking toxin is the proximal area of the affected muscle preferably
adjacent a blood vessel running through the muscle which blood vessel (veins and/or arteries)
extends generally longitudinally and in an area where such blood vessel(s) are under
compression and/or expansion. As shown, a blood vessel runs generally longitudinally and
through a canal. However, it should be understood that such generally longitudinally extending
vessels need not be in a canal and can run through an arca of the muscle in a generally
longitudinal direction from a proximal end of the muscle. Typically, a muscle where a patient
is experiencing exertional compartment syndrome has blood vessels in the form of veins and
arteries, and branches of such veins and arteries. The area also has nerves extending within the
muscle that function to provide motor function to the muscle.

[0049] It should be understood by one skilled in the art, based on this disclosure, that while
the proximal area of the affected muscle is exemplified herein for treatment to minimize the
blocking effect, the injection can be made more distally or proximally if it is desired by the
physician and/or patient for some reason to block the area further. For example, a dosage may
be introduced cither in the case that the initial injection was not sufficient or if the patient

requires more blocking treatment and does not need a lot of lateral movement (e.g., for a runner
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who needs long muscle and not a lot of lateral movement like a soccer player). Thus, the
location should not otherwise be considered limiting to the scope of the invention herein and
treatments can be varied according to desired outcome in terms of range of movement and
blocking effect.

[0050] A specific treatment will now be illustrated as an example with reference to the
adductor longus muscle as shown in Fig. 1B and Fig. 6. However, similar treatments of the
other various muscles which may be causing symptoms by compression and/or expansion of a
blood vessel as noted above would occur in a similar and analogous manner and so this
example is provided for illustration of treatment of all such muscles. The distal area 10 through
which the nerve-blocking toxin is to be introduced for the adductor longus muscle 12 is shown
in Fig. 1B and Fig. 6. A canal, here, the adductor canal 14 is shown in a representation of a
cross-sectional view of the muscle. The canal 14 is located among the sartorius muscle 16, the
vastus intermedius muscle 18 and the adductor longus muscle 12. The canal 14 has running
therethrough the saphenous nerve 20 and the femoral vein 22 and femoral artery 24. The
human botulinum toxin is introduced into area 10 into the adductor longus muscle 12 near to
the border 26 of the adductor canal 14 so as to be adjacent the compressed and/or expanded
blood vessel. The precise location can vary depending on the patient's anatomy and the desired
effects. As used herein being “adjacent” to the blood vessel means that the injection occurs in
an area wherein an effective amount of human botulinum toxin will operate to have an effect on
symptoms of exertional compartment syndrome. In preferred examples herein, “adjacent” thus
also includes about 5 to about 10 mm from the blood vessel, although this will vary depending
on patient, location and dose of the toxin.

[0051] Techniques for introducing nerve-blocking toxin such as human botulinum toxin
into the arca of the muscle affected for treatment may vary, including embolization using
delivery microspheres of varying polymeric materials known in the art or to be developed,
biodegradeable and non-biodegradable drug delivery microspheres or implantable devices,
catheters and other transmission lumens, and injectible solutions. As an example, in one
embodiment herein, the human botulinum toxin is introduced into an area such as area 10 of the
muscle, such as adductor longus muscle 12 percutancously through at least one injection using
a needle having a lumen extending thercthrough and a container at the proximal end of the
needle for introducing the human botulinum toxin in liquid form, such as diluted with saline,

for example, into the lumen of the needle. The container may be a standard syringe body or
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separate coupleable container having a preloaded dosage therein. Preferably a needle is used
having a gauge of about 18 to about 40 gauge, more preferably about 20 to about 30 gauge, and
most preferably about 20 to about 25 gauge is used. Suitable needles include needles generally
used for anesthesia and other procedures, including spinal needles.

[0052] In a preferred embodiment, and with reference to Figs. 1A, 1B and 6, human
botulinum toxin is introduced through two such injectible needle devices 32 into the same arca
10 posterior to the adductor canal 14 in each patient leg. For example, in facing a patient, an
injection may be made on a left side 28 of the patient in the left leg and one may be made on
the right side 30 of the patient in the right leg. Each injection is outside the border 26 of the
adductor canal 14 and in the distal area 10 of the adductor longus muscle 12. In using two
injections, and two needles 32, the amount administered would preferably be divided generally
equally between the needles. The invention is not restricted however, to needle injection, or if
using needle injection, using two such needles, with one in each leg. In fact, one needle can be
used for one or more injections in a serial manner, two or more needles can be used to
administer the human botulinum toxin serially or simultancously.

[0053] Further, the dosage may be broken up into different needle injections in each of the
patient's legs, provided the recommended total dosage is not exceeded. Multiple injections,
cach having a portion of the total recommended dosage for one side of the body in one leg may
also be made near the canal in the area 10 or in other areas in adjacent muscles on opposite or
other sides of the canal 14. According to one embodiment herein, the adductor longus is being
treated and is small and easy to access, however, injections may be introduced in similar
locations 10a, 10b in other muscles such as in the sartorius muscle 18 or vastus intermedius
muscle(s) 16, respectively or in any other leg muscles in similar locations, including within the
adductor magnus, the popliteus muscle, the gastrocnemius muscle, the soleus muscle, and/or
the plantaris muscle. Thus, one can introduce several injections in only one muscle, inject a
portion of a dosage in each of two or three muscles, ctc., and the amount injected in two or
more muscles in one leg need to be even.

[0054] When the dosage or portion thereof is injected into the muscle(s), it is preferred that
it is injected away from the motor end plate of the muscle, i.e., where the nerves communicate,
generally located in the proximal third of the muscle. It is preferred that the dosage is

administered to only block distally, i.e., furthest inwards towards the far end of the canal. One
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may also inject at, for example, the medial head or the lateral head of the gastrocnemius
muscle.

[0055] As one moves closer to center of body, it is possible to block the entire muscle. To
be conservative in treatment, it is preferred to inject in a proximal end of the muscle and
adjacent a vessel under compression and/or expansion from the surrounding muscle. Thus, the
number of injections and the ability to treat one or both legs using such injections (or other
introductory methods) should be understood to be subject to variation based on this disclosure
provided that the treating physician not administer more than the recommended dosage in total.
[0056] As noted above, and with reference to Fig. 1A, the nerve-blocking toxin is
preferably injected percutancously into an area of the adductor longus muscle adjacent the
affected blood vessel through a first percutancous injection wherein a distal end 34 of a needle
32 is located on a first side 28 of a patient in a first arca 10 of a patient's left leg and a second
percutaneous injection wherein a distal end 36 of a second needle 38 is located on a second side
30 of a patient in a second arca 10 in the patient's other leg. The location will of course vary
with the location of the muscle to be injected within the leg.

[0057] The amount administered will vary depending on the type of toxin, such as human
botulinum toxin to be administered, however, with respect to the preferred use of
onabotulinumtoxin A, in the form of commercially available BOTOX®, the effective amount
preferably about 50 units to about 600 units, more preferably about 50 to about 300 units, and
most preferably about 50 to about 150 units, and most preferred about 100 units. With respect
to BOTOX®), the units used for dosing are expressed in mouse units, wherein one such unit is
equal to the amount that kills 50% of a group of 18- to 22-g Swiss Webster mice when injected
intraperitoneally. The human lethal dose (LD) for botulinum type A purified neurotoxin
complex is currently listed as approximately 3000 units. BOTOX® injections are approved, for
example, for cosmetic use at less than about 100 units and about 300-600 units for other non-
cosmetic purposes aside from the invention herein for safety reasons. Dosing would of course
vary for different forms of human botulinum toxin. Thus, the proposed effective amounts of
BOTOX® for the novel treatment herein is within what are believed in the medical arts to be
safe use limits for patients.

[0058] In the treatment method herein, it is also preferred due to the nature of the use of an
injectible solution and a somewhat larger gauge needle to anaesthetize the skin and injection

site arca, for example as shown in Fig. 1 A a first injection site 40 on the patient P prior to
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administering the at least one injection in the arca of an injection site to alleviate discomfort.
Suitable numbing techniques, for example, lidocaine and the like may be used as are known in
the art or to be developed.

[0059] To ensure accurate injection it is also preferred to determine the proper area for
placement of the distal end(s) of the needles prior to insertion. One technique for doing this is
to first properly identify and review the vascular anatomy in the arca through use of ultrasound,
X-ray, endoscopy, CT angiography, MRI, MR angiography, angiography or similar
instrumentation or techniques known or to be developed in the art for visualizing the internal
arca prior to proceeding. Preferably ultrasound is used to identify the anatomy and then also
sonography, CT and/or MRI is used to confirm proper placement of a distal end(s) of needle(s)
within the muscle arca. Such techniques are known in the art and the invention is not intended
to be limited by any particular technique for visualizing the vascular anatomy or ensuring
proper placement of the needle ends prior to introducing the human botulinum toxin.

[0060] As noted above, before engaging in the treatment method, the ctiology of the
exertional compartment syndrome disease being treated can be confirmed. Diagnoses for such
syndrome are typically made by introducing needles into compartments and measuring the
pressure. The patient then exercises on a tread mill and the compartment pressure is measured
again. Such measurements can be made, for example, using equipment as described in U.S.
7,381,186, incorporated herein in relevant part by reference.

[0061] If a diagnosis is made that a patient has chronic compartment syndrome, such as
exertional compartment syndrome, the diagnosis can be confirmed by first evaluating the
patient using instrumentation to evaluate the venous flow in the effected muscle so diagnosed at
rest and after stress on the muscle. Preferred ways of doing this include use of CT angiography,
ultrasound, MR angiography, angiography and/or MRI to evaluate venous anatomy and
behavior, including venous compression and/or expansion in a mammal, such as a human
patient in the area of a muscle having symptoms associated with compartment syndrome (such
as chronic or acute pain, particularly chronic and severe pain when exercising or stressing a
muscle). The instrumentation or other technique, such as the use of CT angiography,
ultrasound, MR angiography, angiography and/or MRI can be used, for example, to compare
venous flow when the patient is at rest and after stress on the muscle. Thus, the physician has
confirmation that there is a definable distinction that is not normal reaction of a healthy

unaffected muscle.
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[0062] Following this evaluation, the physician preferably blocks a nerve or nerve branch
responsible for supplying motor function to the muscle causing the symptom in the arca
affected. If one is blocking an entire nerve, it is preferred, for example to use a block such as
lidocaine on the nerve end. Bupivicaine may also be used. Any suitable nerve blocking
technique may be used, as is known in the anaesthetic and/or medical treatment arts, however,
it is preferred that the nerve be blocked by techniques guided by sonography in a manner
known in the art or to be developed. Examples of this procedure are known in the art. See for
example, T. Saranteas ct al., Identification Of The Obturator Nerve Divisions And Subdivisions
In The Inguinal Region: A Study With Ultrasound, Acta Anaesthiol. Scand. 2007; 51:1404-
1406; Y. Fujiwara et al., Obturator Nerve Block Using Ultrasound Guidance, Anesth. Analg.
2007; 105:888-889; P.E. Helayel et al., Ultrasound-Guided Obturator Nerve Block: A
Preliminary Report Of A Case Series, Reg. Anest. Pain Med. 2007; 32:221-226; and J.Soong, et
al., Sonographic Imaging Of The Obturator Nerve For Regional Block, Reg Aesth Pain Med.
2007;32:146-151, the relevant portions of which are incorporated herein by reference.

[0063] After the nerve block is in effect, the patient is then preferably evaluated again to
determine if the symptom(s) previously observed and believed associated with the chronic
compartment syndrome is/are alleviated. If so, the diagnosis is now confirmed and the disease
ctiology clearly identified.

[0064] As an example in one embodiment herein, in a case of exertional compartment
syndrome in the areca of an adductor longus muscle, such technique can be applied by first
evaluating the venous behavior in the area of the adductor longus muscle effected using CT
angiography (or other instrumentation) on both legs in that arca at rest and after stress on the
muscle. Venous compression and/or expansion are preferably thus evaluated on a femoral vein
and a calf vein(s) for comparative purposes. A block is then applied to the obturator nerve or a
branch thereof. As shown in Fig. 6 which is representative and partial illustration of the
relevant internal anatomy of an upper portion of a leg of a patient P, the obturator nerve 42 is
located on a side of the adductor longus muscle 12. Preferably, the block is applied to an
anterior branch 44 of the obturator nerve 42. The obturator nerve 42 descends towards the
pelvis and after passing through the obturator foramen, the obturator nerve enters the medial
aspect of the thigh, and divides into the anterior branch 44, which is located between the
adductor longus muscle 12 and the brevis muscle 46. The posterior branch 47 of the obturator

nerve lies between the adductor brevis muscle 46 and adductor magnus muscle 48.
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[0065] Various nerves and branches thereof can be blocked for use in the diagnostic method
herein without departing from the scope of the invention.

[0066] The method may be used on patients while still in a cast, and in many cases,
treatment can be applied, for example, in the medial and/or lateral head of the gastrocnemius
muscle in the calf, even with the cast still applied. Treatments may be applied successfully
within the proximal third of the muscle in the upper portion thereof, adjacent a blood vessel,
such as a vein, in an arca of compression. The CT scan findings enable location of the arca
affected, for example of vessel compression rendering the treatment an easily injectible
procedure in the affected area to alleviate symptoms.

[0067] The invention will now be described with respect to the following non-limiting

examples of the methods for diagnosis and treatment as described above herein:

EXAMPLE
[0068] A young female athlete was evaluated herein who had been clinically diagnosed as

having exertional compartment syndrome of the calf. The patient was a 16 year old,
competitive cross-country skier, runner and soccer player with symptoms of progressive
debilitating pain in the calf with intense excise. Compartment measures demonstrated
significant elevation of pressure in the deep and superficial posterior compartments of the calf
at I min. and 5 min. post-exercise.

[0069] The patient underwent a CT angiogram (volume rendered computer tomography
images and axial contrast enhanced computer tomography images were taken) of the bilateral
legs which demonstrated normal venous flow at rest (see CT images in Figs. 2A and 3A). With
provocative maneuvers, the patient had engorgement of the calf vein and also compression of
the femoral vein in the adductor canal (see CT images in Fig. 2B and 3B).

[0070] As shown in Fig. 4, the axial image of the CT scan at the level of the distal adductor
canal demonstrates arterial opacification with complete compression of the femoral vein during
stress maneuvers. Images suggested compression by the muscles surrounding the adductor
canal with a large contribution from the adductor longus muscle. To test the theory of venous
compression by the adductor longus muscle, the anterior branch of the obturator nerve was
blocked using sonographic guidance (Figs. 5A and 5B) in both legs and a repeat CT angiogram
performed with stress maneuvers. Thus, a nerve block was undertaken using ultrasound

guidance and administration of lidocaine and bupivicaine. The area was first localized with
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lidocaine and bupivicaine, the skin anaesthetized, and a 25 gauge needle introduced lidocaine
and bupivicaine into the muscle in the area to be blocked.

[0071] Following the nerve block, the CT angiogram showed decreased engorgement of the
calf veins with approximately 50% reduction in the degree of femoral vein narrowing in the
adductor canal. See, Fig. 7. Furthermore the patient was completely asymptomatic while
maintaining stress mancuvers for over 60 s (symptoms were present at 10 s pre-blockage).
[0072] A targeted botulinum toxin injection was then undertaken of the distal aspect of the
adductor longus at the posterior border of the adductor canal. Using sonographic and CT
guidance, the distal end of 25-gauge needles were placed in the muscle belly of the adductor
longus in each leg at its distal portion. Following this, 50 units of onabotulinumtoxin A
(BOTOX®) were injected into a site in an arca near and posterior to the adductor canal outside
its border under sonographic visualization.

[0073] The patient gradually returned to activity, achieving full activity at threec weeks. The
patient returned for a follow-up ultrasound with and without stress mancuvers at three weeks
post injection. Scans were taken at rest and under stress. There was no evidence of venous
compression under stress maneuvers on sonographic imaging. See, Fig. 8A and §B.
Furthermore the patient was completely asymptomatic at full activity and no adverse side
effects were observed or reported. The patient noticed minimal weakness with lateral motion at
full activity; however this improved with continued training. The patient achieved five weeks
post treatment being completely asymptomatic while competing at full activity. The patient
stated at the time that her legs had not felt as good in over a year.

[0074] The patient continues to be observed. The example supports a new diagnosis
confirmation method and a non-surgical treatment method for exertional compartment
syndrome, with complete resolution of symptoms and no adverse affect on athletic
performance.

[0075] Procedure: A preliminary ultrasound of the bilateral adductor canal was performed
indentifying the vascular anatomy with both gray-scale and color Doppler images as well as the
adductor longus muscle. The overlying soft tissues were subsequently prepped and draped in
typical sterile fashion. A 1% lidocaine solution was used to anaesthetize the skin and overlying
soft tissue at the level of the adductor canal bilaterally. Subsequently, a 25-gauge spinal needle
was advanced under sonographic guidance into the distal aspect of the adductor longus muscle.

The right side was performed first followed by the left side with representative images acquired

16



10

15

WO 2013/012457 PCT/US2012/030623

and stored. After initial placement of the needle, a limited CT scan was performed
demonstrating positioning of the needle tip for each needle. The needles were slightly adjusted
under sonographic guidance and a repeat CT scan was performed. Once there was confirmation
of needle tip placement within the distal adductor longus muscle, approximately 50 units of
human botulinum toxin were injected into ecach adductor longus muscle. Each leg had 50 units
diluted into 2 cc of normal saline. The injection was performed under sonographic guidance
with subsequent CT imaging demonstrating the injection fluid within the distal third of the
adductor longus muscle. No evidence of post procedural complications. The patient was
monitored for approximately 15-30 minutes following the procedure with no adverse reactions.
A follow-up phone call to the patient was placed the day following the injection and again, the
patient was asymptomatic from the injection with just some minor bruising and pain at the
injection site.

[0076] It will be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited to the particular embodiments disclosed,
but it is intended to cover modifications within the spirit and scope of the present invention as

defined by the appended claims.
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CLAIMS
1 claim:

1. A method of treating exertional compartment syndrome in a muscle of a mammal,

comprising
introducing an effective amount of a nerve-blocking toxin into the muscle.

2. The method according to claim 1, wherein the muscle is located in a limb of the
mammal.

3. The method according to claim 2, wherein the limb is the leg.

4. The method according to claim 3, wherein the muscle is at least one of an adductor
longus muscle, a sartorius muscle, a vastus intermedius muscle, an adductor magnus muscle, a
popliteus muscle, a gastrocnemius muscle, a soleus muscle, and a plantaris muscle.

5. The method according to claim 1, wherein the mammal is a human.

6. The method according to claim 1, wherein the nerve-blocking toxin is human botulinum
toxin

7. The method according to claim 6, wherein the human botulinum toxin is
onabotulinumtoxin A.

8. The method according to claim 7, wherein the human botulinum toxin is in solution
form and diluted.

9. The method according to claim 1, wherein the nerve-blocking toxin is human botulinum
toxin and the method further comprising introducing the human botulinum toxin adjacent at
least one blood vessel in an area of the muscle wherein there is blood vessel compression
and/or expansion.

10. The method according to claim 9, wherein the mammal is a human, the muscle is an
adductor longus muscle, the distal area is in the adductor longus muscle and the method further
comprises introducing the human botulinum toxin into an area of the adductor longus muscle
adjacent a border of the adductor canal.

11. The method according to claim 1, wherein the effective amount is about 50 units to
about 600 units.

12. The method according to claim 11, wherein the effective amount is about 50 to about
300 units.

13. The method according to claim 12, wherein the effective amount is about 50 to about

150 units.
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14. The method according to claim 1, further comprising introducing the human botulinum
toxin into a muscle percutancously through at least one injection.

15. The method according to claim 14, further comprising introducing the human botulinum
toxin percutancously through at least one injection into an area of the muscle adjacent a blood
vessel under compression and/or expansion, wherein the muscle is at least one muscle selected
from an adductor longus muscle, a sartorius muscle, a vastus intermedius muscle, an adductor
magnus muscle, a popliteus muscle, a gastrocnemius muscle, a soleus muscle and/or a plantaris
muscle.

16. The method according to claim 14, further comprising introducing the human botulinum
toxin into first and second areas of the muscle, each adjacent a blood vessel under compression
and/or expansion percutancously through a first percutaneous injection wherein a distal end of a
needle is located in the first arca and a second percutancous injection wherein a distal end of a
second needle is located in a second area.

17. The method according to claim 16, wherein the effective amount is about 50 units to
about 300 units, and about half of the effective amount is introduced through cach of the first
needle and the second needle.

18. The method according to claim 1, wherein the nerve-blocking toxin is human botulinum
toxin and the method further comprises introducing the human botulinum toxin into the muscle
percutaneously through at least one injection.

19. The method according to claim 18, further comprising anaesthetizing skin of the
mammal prior to the at least one injection in an arca of an injection site.

20. The method according to claim 18, further comprising identifying vascular anatomy
through use of ultrasound prior to the at least one injection, and confirming placement of a
distal end of a needle within the muscle for use in the at least one injection via use of computer
tomography, magnetic resonance imaging and/or sonographic technology.

21. A method of treating exertional compartment syndrome in a muscle of a human,
comprising

introducing about 50 units to about 600 units of a human botulinum toxin into an
arca of the muscle adjacent a blood vessel under compression and/or expansion.

22. A method of treating exertional compartment syndrome in at least one of an adductor
longus muscle, a sartorius muscle, a vastus intermedius muscle, an adductor magnus muscle, a

popliteus muscle, a gastrocnemius muscle, a soleus muscle, and/or a plantaris muscle in a
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human, the method comprising introducing about 50 units to about 300 units of a human
botulinum toxin into an area of the muscle adjacent a blood vessel under compression or
expansion.

23. A method of confirming diagnosis of exertional compartment syndrome in a muscle of a
mammal, comprising:

evaluating venous compression and/or expansion in a mammal in an area of a
muscle having a symptom associated with exertional compartment syndrome by comparing
venous flow at rest and after stress on the muscle;

using an anaesthetic to block a nerve or a branch thereof supplying motor function
to the muscle causing the symptom; and

evaluating the mammal after the block of the nerve or the branch thereof to
determine if the symptom associated with compartment syndrome is alleviated.

24. The method of confirming diagnosis of exertional compartment syndrome in a muscle
of a mammal according to claim 23, wherein the venous compression and/or expansion is
evaluated through computerized tomography angiography, ultrasound, magnetic resonance
angiography, angiography and/or magnetic resonance imaging in the arca of the muscle.

25. The method of confirming diagnosis of exertional compartment syndrome in a muscle
of a mammal according to claim 23, wherein the mammal is a human, the muscle is at least one
of an adductor longus muscle, a sartorius muscle, a vastus intermedius muscle, and/or an
adductor magnus muscle.

26. The method of confirming diagnosis of exertional compartment syndrome in a muscle
of a mammal according to claim 25, wherein the blocked nerve is an anterior branch of the
obturator nerve.

27. The method of confirming diagnosis of exertional compartment syndrome in a muscle
of a mammal according to claim 25, wherein the venous compression and/or expansion is
evaluated on a femoral vein and at least one calf vein.

28. The method of confirming diagnosis of exertional compartment syndrome in a muscle
of a mammal according to claim 23, wherein the mammal is a human, the muscle is at least one
of a popliteus muscle, a gastrocnemius muscle, a soleus muscle, and a plantaris muscle

29. The method of confirming diagnosis of exertional compartment syndrome in a muscle

of a mammal according to claim 23, wherein the blocked nerve or the branch thereof is at lcast
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one of an obturator nerve, a perineal nerve, a tibial nerve, a sciatic nerve, and/or branches

thereof.
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