release carrier. According to another embodiment, the pharmaceutically acceptable carrier is a
long-term release carrier. According to another embodiment, the pharmaceutically acceptable -
carrier comprises aqueous channels. According to another embodiment, the pharmaceutically
acceptable carrier is a biphasic release carrier. According to another embodiment, the
pharmaceutically acceptable carrier is an extended release carrier. According to another
embodiment, the concentration of the first therapeutic agent in plasma (PLASMA-C,,) is from
0.200 ng/ml/day to 30 mg/ml/day for at least 4 days after administration. According to another
embodiment, the concentration of the first therapeutic agent in plasma (PLASMA-Cav) is less
than 5 ng/ml/day for at least 14 days after administration. According to another embodiment, the
concentration of the first therapeutic agent in cerebrospinal fluid (CSF) (CSF-Cav) is from 5
ng/ml/day to 30 mg/ml/day for at least 14 days after administration. According to another
embodiment, the therapeutic amount of the first therapeutic agent is effective to decrease
angiographic diameter of the cerebral artery at risk of interruption such that percent change in
angiographic diameter of at least one cerebral artery is less than 50% compared to baseline.
According to another embodiment, the therapeutic amount of the first therapeutic agent is
effective to decrease occurrence of delayed cerebral iéchemia (DCI) within 14 days of symptom
onset of subarachnoid hemorrhage (SAH). According to another embodiment, the therapeutic
amount of the first therapeutic agent is effective to decrease occurrence of delayed cerebral
infarction on CT within 30 days of symptom onset of subarachnoid hemorrhage (SAH).
According to another embodiment, the therapeutic amount of the first therapeutic agent is
effective to decrease occurrence of delayed cerebral ischemia. According to another
embodiment, occurrence of delayed cerebral ischemia is assessable as a decrease of at least 2
péints on the modified glasgow coma score or an increase of at least 2 points on the abbreviated
National Institutes of Health Stroke Scale lasting for at least 2 hours. According to another
embodiment, the therapeutic amount of the first therapeutic agent is effective to reduce need for

rescue therapy.

In one aspect, there is provided a flowable particulate composition for use in treating a delayed

complication of a brain injury in g human subject that deposits blood in a subarachnoid space of

the brain, wherein the brain injury is a result of an underlving condition selected from the group

consisting of anecurvsm, sudden traumatic head imury, subarachneoid hemorrhage or a

combination thereof, includes interruption of at least one cerebral artery, and is mediated by
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decreased cerebral perfusion, and the delaved complication is a delaved cortical ischemia (DCT

due to formation of microthromboemboli, cortical spreading ischemia, angiographic vasospasm

or a combination thereof, the composition comprising:

(i) a microparticle suspension comprising a plurality of particles of a uniform distribution

of microparticle size, a biodegradable polymer matrix comprising poly (.1 -lactide-co-

glveolide, and a therapeutic amount of a therapeutic agent, wherein the therapeutic agent is a

calcium channel antagonist-an-endethelin-antagonist-a-transient-receptorpotentia - (FRP)-protein
b N E1I0 v tharead
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(ii) and a pharmaceutical carrier comprising a hyvaluronic acid of average molecular weight

of from about 5 kDa to about 20.000 kDaas-sgent-that-affects-viseosity ofthe-suspensi
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the-Flowable-particulate-pharmaceutical-composition beingchareterized bywherein:
(a) dispersal-ot-the therapeutic agent is dispersed throughout each particle; and cach
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administration () intraventricwlarly, or (1) intrathecallv, is from about 0.5 ¢P to about 50 ¢P: and
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In another aspect, there is provided the use of a flowable particulate composition in the manufacture

of a medicament for treating a delayed complication of a brain injury in a human subject that deposits

blood in a subarachinoid space of the brain, wherein the brain injury is a result of an underlving

condition selected from the eroup consisting of aneurysm, sudden traumatic head injury,

subarachnoid hemorrhage or a combination thereof, includes interruption of at least one cerebral

artery, and is mediated by decreased perfusion, and the delayed complication is a delaved cortical

ischemia (DCD due to formation of microthromboemboli, cortical spreadine ischemia.

angiographic vasospasm or a combination thereof, the composition comprising:
(i) a microparticle suspension for local delivery into a site of administration via an
injection apparatus comprising a plurality of particles of uniform distribution of

microparticle size, a biodegradable polymer matrix comprising poly (DL -lactide-co-

glyeolide), and a therapeutic amount of a therapeutic agent, wherein the therapeutic

agent is a calcium channel antagonist;-as-endothelin-antagonist-a-transientreceptor
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(i)  and a pharmaceutical carrier comprising # hvaluronic acid of average molecular

welght of from about 5 kDa to about 20,000 kDa snssent-that-affects-viseosity-of the-saspension
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e dispersat-ofthe therapeutic agent is dispersed throughout each microparticle; and each
microparticle is loaded with at least 40% by weight of the therapeutic agent;
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b) viscosity of the microparticle suspension at 20 °C, when formulated for dministration

intracisternally, is from about 100 centipoise (¢P) to about 1.000 ¢P: and when formulated for

administration () intraventricularty, or (it} intrathecallv, is from about 0.5 ¢P to about 50 ¢P: and

{c) the site-specific, sustamed release, targeted delivery is effective to achieve avoidance of

hypotension, hypoxia and other factors that adversely affect cerebral blood flow, the-fellowing
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BRIEF DESCRIPTION OF THE DRAWINGS

[000196] Figure 1 shows an illustrative lateral view of the human brain (Stedman’s

Medical Dictionary, 27™ Edition, plate 7 at A7 (2000)).
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CLAIMS
What 1s claimed is:

1. A flowable particulate composition for use in treating a delayed complication of a

brain injury_in a human subject that deposits blood in a subarachnoid space of the brain,

wherein the brain injury is a result of an underlying condition selected from the group

consisting of aneurysm, sudden traumatic head injury, subarachnoid hemorrhage or a

combination thereof. includes interruption of at least one cerebral artery, and is mediated by

decreased cerebral perfusion, and the delaved complication is a delayed cortical ischemia

(DCI) due to formation of microthromboemboli, cortical spreading ischemia, angiographic

vasospasm or a combination thereof, the composition comprising:

(1) a microparticle suspension comprising a plurality of particles of a uniform

distribution of microparticle size, a biodegradable polymer matrix comprising polv (D,L-

lactide-co-glyeolide, and a therapeutic amount of a therapeutic agent, wherein the therapeutic

agent is a calcium channel antagonist;-an-endeothelin-antagonist-a-transient-receptor-potential

-

(ii) and a pharmaceutical carrier comprising an-agent-that-afleste-viseosity-oft
suspension-a hyaluronic acid of average molecular weight of from about 5 kDa to about

20,000 kDa;

whereinthe-Howable part

(a) dispersal-efthe therapeutic agent is digpersed throughout each particle; and each

microparticle is loaded with at least 40% by weight

foya-drugtoad-of40%100%Lwtiwt of the therapeutic agent;

(b) viscosity of the microparticle suspension at 20 °C

when formulated for administration intracisternally, is from about 100 centinoise

(cP) to about 1,000 ¢P: and

when formulated for administration (1) intraventricularly, or (i) intrathecally. is

from about 0.5 ¢P to about 50 ¢P’; and
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{c) the site-specific, sustained release, targeted delivery is effective to achieve

avoidance of hvpotension. hvpoxia and other factors that adversely affect cerebral Blood flow,

the-followin o release-ch ara

Zrupen-releaserthe-concentration-of-the-therapeutic-agentin-plasma-(PEASMA-C-is-tess

-ps-a-dispersion—ite-fuiditaround-at-least-one-cerebrab-arteryin-the-subarachineid-spase;
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32. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the cerebral artery is an anterior cerebral artery, a middle cerebral artery, an internal

carotid artery, a basilar cerebral artery, a vertebral cerebral artery, or a combination thereof.

43, The composition for use in treating a delaved complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein each microparticle is of a particle size from about 40 pum to about 100 um.

4. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 51,

wherein the calcium channel antagonist is selected from the group consisting of an L-type
voltage dependent calcium channel inhibitor, an R-type voltage dependent calcium channel
inhibitor, an N-type voltage dependent calcium channel inhibitor, a P/Q-type voltage
dependent calcium channel inhibitor, a T-type voltage dependent calcium channel inhibitor, or

a combination thereof.

7s. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 64,
wherein the L-type voltage dependent calcium channel inhibitor is a dihydropyridine, selected
from the group consisting of amlodipine, aranidipine, azelnidipine, bamidipine, benidipine,

cinaldipine, efonidipine, felodipine, isradipine, lacidipine, lemildipine, lercanidipine,
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nicardipine, nifedipine, nilvadipine, nimodipine, nisoldipine, nitrendipine, manidipine,

pranidipine, or a combination thereof.

£6. The composition for use in treating a delayed complication of a brain injury in a

wherein the dihydropyridine is nimodipine.

97. The composition for use in treating a delayed complication of a brain injurvin a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,
wherein the-agent-thataffects-the-viscosit-ofthe suspension-comprises-between-0-%10-5-%
by-weight-hyaluronic-acid-or-a-derivative-thereof-wherein-the hyaluronic acid has an average
molecular weight of about 500 kDa.
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128.  The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim +6,
wherein maximum tolerated dose of the nimodipinetherapeutic-agent-when-administered-(i}
intracisternatbror- Girmntraventaieularly-or- Gii-ntrath is from 40 mg to about 1,000 mg.

139.  The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the flowable particulate composition is administered-formulated for administration

intraventricularly in a lateral ventricle, a third ventricle, a fourth ventricle, or a combination

thereof.

1410. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the cerebral cistern is a carotid cistern, a chiasmatic cistern, a Sylvian cistern, an

interhemispheric cistern, an ambient cistern, a crural cistern, an interpeduncular cistern, a

prepontine cistern, a lateral medullary cistern, a cisterna magna, or a combination thereof.
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polymer:

1911. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 181,

Iarad
15 v

radable-polymeris-a-polylactide-so-gheshde PLGA pobpmer-wherein

~
4y 3

s

the lactide to glycolide ratio of the poly(lactide-co-glveolide) polvmer is 85:15, 75:25. 65:35
or 50:50.
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2212, The composition for use in treating a delaved complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,
wherein the pharmaceutical carrier is (1) a slow release carrier, (2) a localized release carrier,
(3) a depot release carrier, (4) a delayed release carrier, (5) a long-term release carrier, (6)

biphasic release carrier or (7) an extended release carrier.

2313. The composition for use in treating a delayed complication of a brain injury that

deposits blood in a subarachnoid space of the brain according to claim 1, wherein the

pharmaceutical carrier comprises aqueous channels.

2414. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 46,

wherein

(a) concentration of the ¢

-nimodipine in plasma (PLASMA-C,,) is from 0.200
ng/ml/day to 30 mg/ml/day for at least 4 days after administration or is less than 5 ng/ml/day

for at least 14 days after administration; or

(b) upon release, the concentration of the nimodipine in plasma (PLASMA-Cav) is less than

about 30-40 ng/mL: or

{c) upon release, the concentration of the nimodipine in plasma (PLASMA-Cav) is less

than a concentration in plasma known to cause a mean arterial pressure of less than 60 mm

He for 15 minutes to develop after and to occur within 14 davs of administration.

2515. The composition for use in treating a delaved complication of a brain injurvina

human subject that deposits blood in a subarachnoid space of the brain according to claim 16,

wherein

(a) concentration of the therapevtic-agent-nimodipine in cerebrospinal fluid (CSF) (CSF-Cav)

is from 5 ng/ml/day to 30 mg/ml/day for at least 14 days after administration; or

{(b) upon release, the concentration of the nimodipine in cerebrospinal fluid (CSF) (CSF-Cav)

ig at least about 5 ng/mL to about 5000 ng/ml; or
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{(¢) arca under the plot of CSF concentration against time after administration (AUCCSF)

at 14 days is from at least about 1.000 no/ml day to at least about 15,000 ne/ml.

2616. The composition for use in treating a delaved complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the therapeutic amount of the therapeutic agent is effective to decrease angiographic
diameter of the cerebral artery at risk of interruption such that percent change in angiographic

diameter of at least one cerebral artery is less than 50% compared to baseline.

2717.  The composition for use in treating a delayed complication of a brain injuryin a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the therapeutic amount of the therapeutic agent is (i) effective to decrease occurrence
of delayed cerebral ischemia (DCI) within 14 days of symptom onset of subarachnoid
hemorrhage (SAH), (ii) is effective to decrease occurrence of delayed cerebral infarction on

CT within 30 days of symptom onset of subarachnoid hemorrhage (SAH) or (iii) is effective

to decrease occurrence of delayed cerebral ischemia.
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2918. The composition for use in treating a delayed complication of a brain injury in a

human subject that deposits blood in a subarachnoid space of the brain according to claim 1,

wherein the therapeutic amount of the therapeutic agent is effective to reduce need for rescue

therapy.

3019. Use of a flowable particulate composition in the manufacture of a medicament for

treating a delayed complication of a brain injury in a human subject that deposits blood in a

subarachinoid space of the brain, wherein the brain injury is a result of an underlying

condition selected from the group consisting of aneurysm, sudden fraumatic head injury,

subarachnoid hemorrhage or a combination thereof, includes interruption of at least one

cerebral artery, and is mediated by decreased perfusion, and the delayed complication is a

delaved cortical ischemia (DCI) due to formation of microthromboemboli, cortical

spreading ischemia, angiographic vasospasm or a combination thereof, the composition

comprising:

(1) a microparticle suspension for local delivery into a site of administration via
an injection apparatus comprising a plurality of particles of uniform

distribution of microparticle size, a biodegradable polymer matrix

comprising poly (D.L-lactide-co-glycolide), and a therapeutic amount of a

therapeutic agent, wherein the therapeutic agent is a calcium channel

(i)  and a pharmaceutical carrier comprising-ar-agent-that-affects-viscosity-of-the
suspension a hyaluronic acid of average molecular weight of from about 5 kDa to about

20.000 kDa;

whereinthe-pharmacesticalcompontion-being-characterized by,

{er-dispersal-ef-(a) the therapeutic agent ig dispersed throughout each microparticle;

and each microparticle is loaded with at least 40% bv weight

B3 a-drag-load-o£-40%100%-twtwh of the therapeutic agent;

(b) viscosity of the microparticle suspension at 20 °C,
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when formulated for administration intracisternally, is from about 100 centipoise

(cP) to about 1,000 ¢P: and

when formulated for administration (1) intraventricularly, or (ii) intrathecally, is

from about 0.5 ¢P to about 50 ¢P: and

() the site-specific, sustained release, tareeted delivery is effective to achieve

avoidance of hypotension, hypoxia and other factors that adversely affect cerebral blood flow.
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3220. The use according to claim 3019, wherein the cerebral artery is an anterior cerebral
artery, a middle cerebral artery, an internal carotid artery, a basilar cerebral artery, a vertebral

cerebral artery, or a combination thereof.

2321. The use according to claim 3819, wherein each microparticle is of a particle size from

about 40 um to about 100 pm.

3522. The use according to claim 3619, wherein the calcium channel antagonist is selected

from the group consisting of an L-type voltage dependent calcium channel inhibitor, an R-type
voltage dependent calcium channel inhibitor, an N-type voltage dependent calcium channel
inhibitor, a P/Q-type voltage dependent calcium channel inhibitor, a T-type voltage dependent

calcium channel inhibitor, or a combination thereof.

3623. The use according to claim 3522, wherein the L-type voltage dependent calcium
channel inhibitor is a dihydropyridine, selected from the group consisting of amlodipine,
aranidipine, azelnidipine, bamidipine, benidipine, cinaldipine, efonidipine, felodipine,
isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,

nimodipine, nisoldipine, nitrendipine, manidipine, pranidipine, or a combination thereof.

3724. The use according to claim 3623, wherein the dihydropyridine is nimodipine.
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3825. The use according to claim 3619, wherein-the-agesn
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wherein the hyaluronic acid has an average molecular weight of about 500 kDa.-

3926. The use according to claim 3819, wherein the injection apparatus is a needle, a

cannula, a catheter, or a combination thereof.
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4227. The use according to claim 3619, wherein maximum tolerated dose of the therapeutic

agent when administered-formulated for administration (i) intracisternally or (ii)

intraventricularly or (iii) intrathecally is from 40 mg to about 1,000 mg.

328. The use according to claim 3619, wherein the flowable particulate composition is

administered-formulated for admirustration intraventricularly in a lateral ventricle, a third

ventricle, a fourth ventricle, or a combination thereof.

4429. The use according to claim 3819, wherein the site of administration is a cerebral
cistern selected from the group consisting of a carotid cistern, a chiasmatic cistern, a Sylvian
cistern, an interhemispheric cistern, an ambient cistern, a crural cistern, an interpeduncular
cistern, a prepontine cistern, a lateral medullary cistern, a cisterna magna, or a combination

thereof.
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4830. The use according to claim 4729, wherein-the-biodegradable-polymeris-apoly{lactide-
co-ghyeolide{PLGA)polymer; wherein the lactide to glycolide ratio of the poly(lactide-co-
glycolide) polymeris 85:15, 75:25, 65:35 or 50:50.

WW%WWWW%@M%W

5131. The use according to claim 3619, wherein the pharmaceutical carrier (1) a slow release
carrier, (2) a localized release carrier, (3) a depot release carrier, (4) a delayed release carrier,

(5) a long-term release carrier, (6) biphasic release carrier or (7) an extended release carrier.

5232. The use according to claim 3819, wherein the pharmaceutical carrier comprises

aqueous channels.

$333. The use according to claim 3624, wherein

(a) concentration of the therapentic-agentnimodipine in plasma (PLASMA-C,,) is from 0.200
ng/ml/day to 30 mg/ml/day for at least 4 days after administration or is less than 5 ng/ml/day

for at least 14 days after administration; or

{b) upon release. the concentration of the nimodipine in ﬁiasma {(PLASMA-Cav) is less

than about 30-40 ng/mL: or

(¢) upon release, the concentration of the nimodipine in plasma (PLASMA-Cav) is less

than a concentration in plasma known fo cause a mean arterial pressure of less than 60 mm

Heg for 15 minutes to develop after and to occur within 14 davs of administration.

5434. The use according to claim 3824, wherein

(a) concentration of the therapeutic-agentnimodipine in cerebrospinal fluid (CSF) (CSF-Cav)
is from 5 ng/ml/day to 30 mg/ml/day for at least 14 days after administration; or

(b) upon release, the concentration of the nimodipine in cerebrospinal fluid (CSF)

{(CSF-C,) is at least about 5 ng/mL to about 5000 ng/mL: or
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(c) area under the plot of CSF concentration against time after administration (AUCCSF)

at 14 days is from at least about 1,000 ng/ml day to at least about 15,000 ng/ml day.

5535. The use according to claim 3019, wherein the therapeutic amount of the therapeutic
agent is effective to decrease angiographic diameter of the cerebral artery at risk of
interruption such that percent change in angiographic diameter of at least one cerebral artery is

less than 50% compared to baseline.

5636, The use according to claim 3619, wherein the therapeutic amount of the therapeutic
agent is (1) effective to decrease occurrence of delayed cerebral ischemia (DCI) within 14 days
of symptom onset of subarachnoid hemorrhage (SAH), (ii) is effective to decrease occurrence

of delayed cerebral infarction on CT within 30 days of symptom onset of
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subarachnoid hemorrhage (SAH) or (iii) is effective to decrease occurrence of delayed

cerebral ischemia.

5837. The use according to claim 3619, wherein the therapeutic amount of the therapeutic

agent is effective to reduce need for rescue therapy.

38. The composition for use in treating a delaved complication of a brain injuryin a

human subject that deposits blood in a subarachnoid space of the brain according to claim

1, wherein the mean particle diameter is about 70 um.

39, The composition for use in treating a delaved complication of a brain injury in a

human subiject that deposits blood in a subarachnoid space of the brain according to claim

6, wherein each microparticle is loaded with an initial drug load of at least 65% (wt/wt)

nimodipine and 35% polvimer.

40. The use according to claim 19. wherein the mean narticle diameter is about 70 um.

41. The use according to claim 24. wherein each microparticle is loaded with an initial

drug load of at least 65% (wt/wt) nimodipine and 35% polymer.
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