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- CLAIMS
What is claimed is:

A method for treating a delayed complication associated with a brain injury i a mammal in
need thereof, wherein the brain injury includes interruption of at least one cergbral artery, the

method comprising:
(a) providing a pharmaceutical composition comprising

(i) a microparticulate formulation of a voltage-gated calcium ghiannel blocker; and optionally

(i1) a pharmaceutically acceptable carrier; and

(b) administering a therapeutic amount of the pharmaceyfical composition by 2 means for
administration of the therapeutic amount of the pharmiceutical composition at a site of

administration,

wherein the therapeutic amount is effective infeducing signs or symptoms of the at least one

delayed complication associated with the bpain injury, and

wherein the at least one delayed compMcation is at least one of delayed cerebral ischemia (DCI),
a plurality of microthromboembolif cortical spreading ischemia (CSI), and an angiographic

vasospasni.

The method according §4 claim 1 wherein in step (b), the means for administration is a

surgical injection appargfus and the site of administration is in close proximity to at least one

cerebral artery affectgdl by the brain injury.

The method glcording to claim 1, wherein in step (b), the means for administration is a

surgical injecifon apparatus and the site of administration is a cerebral ventricle.

thod according to claim 2, wherein the surgical injection apparatus is a needle, a

, a catheter, or a combination thereof.
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3. The method according to claim 3, wherein the microparticulate formulation is carried b

cerebrospinal fluid to contact the cerebral artery affected by the brain injury.

6. The method according to claim 1, wherein the therapeutic amount is effective tg/increase the

internal diameter of the cerebral artery affected by the brain injury,as compared $6 a control.

7. The method according to claim 1, wherein the brain injury is a result of #/n aneurysm, sudden

traumatic head injury, subarachnoid hemorrhage (SAH), or a combinatioy thereof.

8. The method according to claim 7, wherein the brain injury is a rgSult of subarachnoid

hemorrhage.

9. The method according to claim 1, wherein the at least ogé delayed complication associated
with the brain injury further comprises at least one of an jtracerebral hematoma, an |
intraventricular hemorrhage, a fever, a behavioral defigft, a neurological deficit, a cerebral

infarction, and neuronal cell death.

10. The method according to claim 9, wherein fhe behavioral deficit is improved such that the

improved behavioral deficit comprises an infrease in appetite.

11.  The method according to claim 9, ferein the neurological deﬁcif is vim‘proV'ed' such that the

improved neurological deficit compyfses an improvement of ataxia or paresis.

- 12.  The method according to clfim 1, wherein the pharmaceutical composition exerts a

13. d fding to claim 1, wherein the pharmaceutical composition exerts a diffuse

14. thod according to claim 1, wherein the microparticulate formulation comprises a

whegein each microparticle comprises a matrix.
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The method according to claim 1, wherein the microparticulate formulation further co

a plurality of microparticles impregnated with the voltage-gated calcium channel blockey.

The method according to claim 1, wherein the microparticle formulation comprjfes a liquid

suspension of microparticles.

The method according to claim 1, wherein the cerebral ventricle is a latgfal ventricle, a third

ventricle, a fourth ventricle, or a combination thereof.

The method according to claim 1, wherein the microparticulate ffrmulation of the voltage-

gated calcium channel blocker comprises a slow-release compougd.

The method according to claim 18, wherein the slow relghse compound is a polymer.

The method according to claim 19, wherein the volifge-gated calcium channel blocker is

disposed on or in the slow-release polymer.

The method according to claim 20, wherein fhe microparticulate formulation of the voltage-

gated calcium channel blocker comprises polff (D, L-lactide-co-glycolide).

The method according to claim 20, wherein the microparticulate formulation of a voltage-

gated calcium channel blocker compifes poly(orthoester).

The method according to clajn 20, wherein the microparticulate formulation of the voltage-

gated calcium channel blocke# comprises polyanhydride.

od according to claim 1, wherein the voltage-gated calcium channel blocker is a

1dine calcium channel blocker.
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The method ‘rdih:é\to claim 1, wherein the pharmaceutically acceptable carrier comprises

a gel compound.
The method according to claim 27, wherein the gel compound is a biodegradabj hydrogel.

The method according to claim 1, wherein the pharmaceutical composition/does not

comprise the pharmaceutically acceptable carrier.

'The method according to claim 1, wherein the pharmaceutically acgeptable carrier does not

comprise hyaluronic acid. |

The method according to claim 1, wherein the pharmaceutighlly acceptable carrier comprises

hyaluronic acid.

The method according to claim 31, wherein the phapfnaceutically acceptable carrier ranges

between 0 % to 5 % hyaluronic acid.

The method according to claim 33, wherein fhe pharmaceutically acceptable carrier

comprises less than 2.3 % hyaluronic acid.

The method according to claim 33, wherein the pharmaceutically acceptable carrier

comprises less than 5 % hyaluronic agid.

A semisolid multiparticulate delivery system for treating a delayed complication associated
with a brain injury in a ma: | in need thereof, wherein the brain injury includes interruption of

at least one cerebral artery/the system comprising:
(a) a pharmaceutical ¢dmposition comprising

(i) a micropagficulate formulation of a voltage-gated calcium channel blocker; and optionally
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wherein the therapeutic amount is effective in reducing signs or symptoms of the aj/least

one delayed complication associated with the brain injury.

The system according to claim 35, wherein the at least one delayed complicatigA is at least

one of delayed cerebral ischemia (DCI), a plurality of microthromboemboli a cgftical spreading
ischemia (CSI), and an angiographic vasospasm. The system according to clg#m 31, wherein the
means for administration is a surgical injection apparatus and the site of agfninistration is in

close proximity to at least one cerebral artery affected by the brain inju;

The system according to claim 35, wherein the means for admjpfistration is a surgical

injection apparatus and the site of administration is a cerebral vghtricle.

The system according to claim 37, wherein the surgical/injection apparatus is a needle, a

cannula, a catheter, or a combination thereof.

The system according to claim 35, wherein the gicroparticulate formulation is capable of

being carried by cerebrospinal fluid to contact the cerebral artery affected by the brain injury.

The system according to claim 35, whegfin the therapeutic amount is effective to increase the

internal diameter of the cerebral artery affected by the brain injury,as compared to a control.

The system according to claim 3#, wherein the brain injury is a result of an aneurysm, sudden

traumatic head injury, subarachngfid hemorrhage (SAH), or a combination thereof.

The system according tg/€laim 41, wherein the brain injury is a result of subarachnoid
hemorrhage.
The system accofing to claim 35, wherein the at least one delayed complication associated

with the brain injyry further comprises at least one of an intracerebral hematoma, an
intraventriculahemorrhage, a fever, a behavioral deficit, a neurological deficit, a cerebral

infarction, gfid neuronal cell death.

The/system according to claim 43, wherein the behavioral deficit is improved such that the

imppbved behavioral deficit comprises an increase in appetite.
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The system according to claim 43, wherein the neuroiogical deficit is improved such t

improved neurological deficit comprises an improvement of ataxia or paresis.

The system according to claim 35, wherein the pharmaceutical composition ex
predominantly localized pharmacologic effect in treating the at least one delayeg/complication

associated with brain injury.

The system according to claim 35, wherein the pharmaceutical compgfsition exerts a diffuse
pharma'cologic effect throughout the brain in treating the at least one g€layed complication

associated with brain injury.

The system according to claim 35, wherein the micropartighlate formulation comprises a

plurality of microparticles, wherein the microparticles are gf uniform size distribution, and

wherein each microparticle comprises a matrix.

The system according to claim 35, wherein the

comprises a plurality of microparticles impregng#d with the voltage-gated calcium channel
blocker. |

The system according to claim 35, wirein the microparticle formulation comprises a liquid

suspension of microparticles.

The system according to claigf 35, wherein the cerebral ventricle is a lateral ventricle, a third

ventricle, a fourth ventricle, oy combination thereof.

The system according/to claim 35, wherein the microparticulate formulation of the voltage-

gated calcium channeldlocker comprises a slow-release compound.

disposed gf1 or in the slow-release polymer.

Tl system according to claim 52, wherein the microparticulate formulation of a voltage-

gapfd calcium channel blocker comprises poly (D, L-lactide-co-glycolide).
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The system according to claim 55, wherein the microparticulate formulation of a volta

gated calcium channel blocker comprises poly(orthoester).

The system according to claim 55, wherein the microparticulate formulation of A voltage-

gated calcium channel blocker comprises polyanhydride.

The system according to claim 35, wherein the voltage-gated calcium clfannel blocker is
selected from the group consisting of an L-type voltage-gated calcium chinnel blocker, an N-
type voltage-gated calcium channe] blocker, a P/Q-type voltage-gated/Calcium channel blocker,

or a combination thereof.

The system according to claim 35, wherein the voltage-gajéd calcium channel blocker is a

dihydropyridine calcium channel blocker.

The system according to claim 59, wherein the dihgdropyridine calcium channel blocker is
nimodipine. '
The system according to claim 35, whereig/he pharmaceutically acceptable carrier comprises

a gel compound.
‘The system according to claim 61, herein the gel compound is a biodegradable hydrogel. V

The system according to claim/5, wherein the pharmaceutical composition does not

comprise the pharmaceutically Zeceptable carrier.

The system according $6 claim 35, wherein the pharmaceutically acceptable carrier does not

comprise hyaluronic acjd.

The system acgérding to claim 35, wherein the pharmaceutically acceptable carrier is

¢ method according to claim 66, wherein the pharmaceutically acceptable carrier

mprises less than 2.3 % hyaluronic acid.
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68. The method according to claim 66, wherein the pharmaceutically acceptable carrie

comprises less than 5 % hyaluronic acid.




CLAIMS

What is claimed is;

A semisolid multiparticulate delivery system for treating a delayed complication associated with
a brain injury in a mammal in need thereof, wherein the brain injury includes interruption of at

least one cerebral artery, the systelh compﬁsing:

(a)a phafmaceutical composiﬁon comprising
(i)a microparticuléite formulation of a Voltagft-éé‘:ced calcium channel blocker; and optionally‘
(i) a phar’maceutically‘ acceptable carrier; and

(b) a means. for administering a therapeutic amount of the pharmaceutical composition at a site
for administration wherein the therapeutic amount is effective in reducing signs or symptoms of

the at least one delayed complication associated with the brain injury.

The system according to claim 1, wherein the at least one delayéd complication is at least one of
delayed cerebral ischemia (DCI), a plurality of microthromboemboli a cortical spreading
ischemia (CSI), an.d‘ an éngiogfapﬁic vasospasm. The system according to claim 31, wherein the~
.means for administratién s a surgical injection apparatus and the site of administration is in

close proximity to at least one cerebral artery affected by the brain injury.

The system according to claim 1, wherein the means for administration is a surgical injectioh’

apparatus and the site of administration is a cerebral ventricle.

The system according to claim 3, wherein the surgical injection apparatus is a needle, a cannula,

a catheter, or a combination thereof,

The system according to claim 1, wherein the microparticulate formulation is capable of being

carried by cerebrospinal fluid to contact the cerebral artery affected by the brain injury.

156



The system according to claim 1, wherein the therapeutic amount is effective to increase the

internal diameter of the cerebral artery affected by the brain injury,as compared to a control.

The system according to claim 1, wherein the brain injury is a result of an aneurysm, sudden

traumatic head injury, subarachnoid hemorrhage (SAH), or a combination thereof.

The system according to claim 7, wherein the brain injury is a result of subarachnoid

hemorrhage.

The system according to claim 1, wherein the at least one delayed complication associated with

the brain injury further comprises at least one of an intracerebral hematoma, an intraventricular

. hemorrhage, a fever, a behavioral deficit, a newologi:cal deﬁcit, a cerebral infarction, and

10.

11.

12.

13.

14.

15.

neuronal cell death.

The system according to claim 9, wherein the behavioral deficit is improved such that the

improved behavioral deficit comprises an increase in appetite.

The system according to claim 1, wherein the neurological deficit is improved such that the

mmproved neurological deficit comprises an improvement of ataxia or paresis.

The system according to claim 1, wherein the pharmaceutical composition exerts a

predominantly localized pharmacologic effect in treating the at least one delayed complication ._

“associated with brain injury.

The system according to claim 1, wherein the pharmaceutical composition exerts a diffuse
pharmacologic effect throughout the brain in treating the at least one delayed complication

associated with brain injury.

The system according to claim 1, wherein the microparticulate. formulation comprises a plurality
of microparticles, wherein the micrdparticles are of uniform size distribution, and wherein each

microparticle comprises a matrix.

The system according to claim 1, wherein the microparticulate formulation further comprises a

plurality of microparticles impregnated with the voltage-gated calcium channel blocker.
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The system according to claim 1, wherein the microparticle formulation comprises a liquid

suspension of microparticles.

The system according to claim 1, wherein the cerebral ventricle is a lateral ‘Ventricle, a third

ventricle, a fourth ventricle, or a combination thereof,

The system according to claim 1, wherein the microparticulate formulation of the voltage-gated

calcium channel blocker comprises a slow-release compound.
The system according to claim 18, wherein the slow release compound is a polymer.

The system according to claim 19, wherein the voltage-gated calcium channel blocker is

disposed on or in the slow-release polymer:

The system according to claim 18, wherein the microparticulate formulation of a voltage-gated

calcium channel blocker comprises poly (D, L-lactide-co-glycolide).

The syStem according to claim 21, wherein the microparticulate formulation of a voltage-gated

calcium channel blocker comprises poly(orthoester).

calcium channel blocker comprises polyanhydride.

The system according to claim 1, wherein the voltage-gated calcium channel blocker is selected |
from the group consisting of an L-type voltage-gatéd calcium channel blocker, an N-type

voltage-gated calcium channel blocker, a P/Q-type voltage-gated calcium channel blocker, or a

combination thereof.

The system'according to claim 1, wherein the voltage-gated calcium channel blocker is a

dihydropyridine calcium channel blocker.

The system according to claim 25, wherein the dihydropyridine calcium channel blocker is

nimodipine.

The system according to claim 1, wherein the pharmaceutically acceptable carrier comprises a

gel compound.

. The system according to claim 21, wherein the microparticulate formulation of a voltage-gated
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The system according to claim 27, wherein the gel compound is a biodegradable hydrogel.

The system according to claim 1, wherein the pharmaceutical composition does not comprise the

pharmaceutically acceptable carrier.

The system according to claim 1, wherein the pharmaceutically acceptable carrier does not

comprise hyaluronic acid.

The system according to claim 1, wherein the pharmaceutically acceptable carrier is hyaluronic

acid

The system according.to claim 30, wherein the pharmaceutlcally acceptable carrier ranges

The method according to claim 32, wherein the pharmaceutically acceptable carrier comprises

less than 2.3 % hyaluronic acid.

The method according to claim 32, wherein the pharmaceutically aéceptable carrier comprises "

less thén 5 % hyaluronic acid.

Use of a flowable mlcropartlculate sustained release pharmaceutlcal composition comprising a

Voltage -gated calcium channel blocker and a pharmaceutically acceptable carrier for the .

manufacture of a medicament for therapeutic treatment of a delayed complication associated
with a brain injury in a mammal in need thereof, wherein the brain injury includes interruption of
at least one cerebral artery in subarachnoid spacé, wherein the at least one delayed complication
is at least one of delayed cerebral ischemia (DCI), a plurality of micrdthromboemboli a cortical

spreading ischemia (CSI), and an -angiogféphic vasospasm.

The use according to claim 35, wherein the brain injury is a result of an aneurysm, sudden

traumatic head injury, subarachnoid hemorrhage (SAH), or a combination thereof.
The use according to claim 36, wherein the brain injury is a result of subarachnoid hemorrhage.

The use according to claim 35, wherein the at least‘oneldelayed‘ complication associated with the

brain injury further comprises at least one of an intracerebral hematoma, an intraventricular
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hemorrhage, a fever, a behavioral deficit, a neurological deficit, a cerebral infarction, and

neuronal cell death.

The use according to claim 35, wherein the pharmaceutical composition exerts a localized

pharmacologic effect.

The use according to claim 35, wherein the pharmaceutical composition exerts a diffuse

pharmacologic effect throughout the brain.

The use according to claim 35, wherein the microparticulate sustained release composition

comprises a plurality of microparticles, wherein the microparticles are of uniform size

. distribution, and wherein each microparticle comprises a matrix.

42.

43.

44,

45,

46.

47.

48.

49.

The use according to claim 35, wherein the microparticulate formulation further comprises a

plurality of microparticles impregnated with the Vbltage-gated calcium channel blocker.

The use according to claim 35, wherein the microparticle formulation comprises a liquid

suspension of microparticles.

The use according to claim 35, wherein the microparticulate formulation of the voltage-gated

calcium channel blocker comprises a slow-release compound.
The use according to claim 44, wherein the slow release compound is a polymer.

The use according to claim 44, wherein the voltage-gated calcium channel blocker is disposed on

or in the slow-release polymer.

The use according to claim 35, wherein the microparticulate sustained release composition
comprises the voltage-gated calcium channel blocker comprising poly (D, L-lactide-co-

glycolide).

The use according to claim 46, wherein the microparticulate formulation of the voltage-gated

calcium channel blocker comprises a poly(orthoester).

The use according to claim 46, wherein the microparticulate sustained release composition of

the voltage-gated calcium channel blocker comprises a pOlSIanhydride.
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The use according to claim 35, wherein the voltage-gated calcium channel blocker is selected
from the group consisting of an L-type voltage-gated calcium channel blocker, an N-type
voltage-gated calcium channel blocker, a P/Q-type voltage-gated calcium channel blocker, or a

combination thereof,

. The use according to claim 35, wherein the voltage-gated calcium chanhel blocker is a

dihydropyridine calcium channel blocker.

The use according to claim 51, wherein the dihydropyridine calcium channel blocker is

nimodipine.

The use according to claim 35, wherein the pharmziééutic,al_ly‘acceptable carrier comprises a gel -

compound.
The use according to claim 53, wherein the gel compound is a biodegradable hydrogel.

The use according to claim 35, wherein the pharmaceutically acceptable carrier does not

comprise hyaluronic acid.

The use-according to claim 35, wherein the pharmaceutically acceptable carrier comprises

hyaluronic acid.

The use according to claim 56, wherein the pharmaceutically acceptable carrier ranges between0 |

% to 5 % hyaluronic acid. -

The use according to claim 57, wherein the pharfnaceutically acceptable carrier comprises less

than 2.3 % hyaluronic acid.

The use accordmg to claim 57, whereln the pharmaceutically acceptable carrier comprises less

than 5 % hyaluromc acid.

The use according to claim 49 wherein the voltage gated calcium channel blocker is in a core of
the microparticles surrounded by a coating, dispersed throughout the particles, adsorbed into the

particles, or a combination thereof.
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