
WHAT IS CLAIMED IS: 

1. A multilayer thin film medical device, comprising: 

a first layer comprising a polymer 
a bioactive agent; and 
a second layer 	 omprising a polymer; 
wherein the bioactive agent is positioned between the first layer and the second 

layer, 
wherein. the first and the second layers are in contact with each other at a 

periphery of the multilayer thin film medical device thereby sealing the bioactive agent 
inside the multilayer thin film medical device,  

wherein the bioactive agent is not positioned between the first and the second  
layers at the periphery of the multilayer thin film medical device, and 

wherein the multilayer thin film medical device is configured to release the 
bioactive agent from surface of the first layer and the second layer. 

2. The multilayer thin film medical device of claim 1, wherein the device comprises 
a furled structure. 

3. The multilayer thin film medical device of claim 2, wherein the furled structure is 
substantially cylindrical. 

4. The multilayer thin film medical device of claim 2, wherein the furled structure is 
substantially frusto-conical. 

5. The multilayer thin film medical device of claim 1, wherein the device comprises 

an unfurled structure. 

6. The multilayer thin film medical device of claim 5, wherein the unfurled structure 
comprises a substantially circular peripheral edge. 

7. The multilayer thin film medical device of claim 1, wherein the second layer is 

porous or non-porous. 

8. The multilayer thin film medical device of claim 1, further comprising a third 
nanostructured porous layer positioned between the first layer and the bioactive agent. 

9. The multilayer thin film medical device of claim 8, wherein the third 

nanostructured porous layer has an average pore size of between about 1 nm and about 
100 nm. 

10. The 	thin film 	device 	1., 	the first layer 	the multilayer 	medical 	of claim 	wherein 	 and 
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4410. The multilayer thin film medical device of claim 1, wherein the polymer 

comprises a biodegradable polymer. 

1211. 	The multilayer thin film medical device of claim 4410, wherein the biodegradable 

polymer is PLA, PGA, PCL, PLGA, PLCL, or a combination thereof..- 

13. 	The 	thin film 	device 	1 , 	 forming multilayer 	medical 	of claim 	wherein the pore 

11. 	The 	thin film 	device 	daim. 1, 	the multilayer 	medical 	of 	wherein 	polymer and pore 

forming 	in the first layer 	in 	between 	1:5 	99:1. agent 	 are present 	a ratio 	about 	and about 

15. The 	thin film 	device 	11, 	the multilayer 	medical 	of claim 	wherein 	ratio of polymer 

to 	forming 	in the first layer is 	9:1. pore 	agent 	 about 

16. The 	thin film 	device 	1, 	the 	layer 

	

multilayer 	medical 	of claim 	wherein 	second 

biedegradableftelymer, 

4-8-12. 	The multilayer thin film medical device of claim 1, wherein the bioactive agent is 

disposed in a plurality of reservoirs located across one surface of the second layer. 

1913. 	The multilayer thin film medical of claim 1, wherein the second layer comprises 

a plurality of reservoirs located across one surface of the second layer, wherein a first 

reservoir of the plurality of reservoirs comprises the bioactive agent and a second 

reservoir of the plurality of reservoirs comprises another bioactive agent. 

2014. 	The multilayer thin film medical device of claim 1, wherein the bioactive agent is 

present in a lyophilized foal'. 

24-15. 	The multilayer thin film medical device of claim 1, wherein the bioactive agent 

comprises a thin film of lyophilized material. 

2216. 	The multilayer thin film medical of claim 8, comprising a fourth non-per-0es layer 

in contact with the second layer, a fifth layer comprising a reservoir comprising another 

bioactive agent in contact with the fourth des-layer, a sixth nanostructured layer 
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in contact with the fifth layer, and a seventh 

and-a-pere-fer-ming-agentrin contact with 

2317. The multilayer thin film medical 

disposed in a plurality of reservoirs located 

2418. The multilayer thin film medical 

a plurality of reservoirs located across one 

reservoir of the plurality of reservoirs comprises 

reservoir of the plurality of reservoirs comprises 

micro -porous layer, eempr-ising-a-pel-ymef 

layer. 

wherein the bioactive agent is 

of the second layer. 

the second layer comprises 

layer, wherein a first 

agent and a second 

agent. 

sixth nanostructured 

device of claim 8, 

across one surface 

of claim 8, wherein 

surface of the second 

the bioactive 

another bioactive 

26. 	The 	thin film medical device of claim 25, wherein the bioactive multilayer agent 

-- 	- 	• . 	: 	.. 	I: 	: 	: : .4- - . : 

-  : 	- : : I. 

• . 	. . 

- 	- ; : , . . - - 

a-bieaetive-agenti-and 

- 	• : 	: . : : - 	' 	'' : - : - 	- : 	:,- ,- 

eeeentel-leyer-.- 

29. The 	thin film multilayer medical device of claim 28-, wherein the device 

:,-. : 	.. 

e0MpliSOS-a-filfiefi-st-metur-e7 

30. The • 	". . 	: 	- 	." • :: .-: : 	'_ : . - . 	.-• • - 	-:. : 	: .: : -.. : : 

. : 	: : 	• 	- 	.- :.- - : 
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3.2. 	The mult-iint,er thin film medical doviee-af siaisa 28, wherein the device 

comprises an unfurled structure. 

33. The multilayer thin film medical device of claim 32, wherein the unfurled 

structure comprises a substantially circular peripheral edge. 

34. The multilayer thin film medical device of claim 

porous or non-porous. 

28, wherein the sec• d layer is 

35. The multilayer thin film medical device of claim 28, further co uprising a third 

nanostructured porous layer positioned between the first 

agent. 

porous la 	r and the bioactive 

36. The multilayer thin film medical device of claim 35 wherein the third 

nanostructured porous layer has an average pore size of . tween about 1 nm and about 

100 nm. 

37. The multilayer thin film medical device o claim 

biodegradable polymer. 

28, wherein the polymer is a 

t 
38. The multilayer thin film medical device of claim 37, wherein the biodegradable 

polymer is selected from the group cony sting of a PLA, 

combinations or copolymers thereof 

PGA, PCL, PLGA, PLCL, and 

39. The multilayer thin film 	edical device of claim 28, wherein the % porosity of 

the first porous layer is betw:-n about 20% and about 0.01%. 

40. The multilayer tl 	film medical device of claim 

layer has an average p ere size of 30 p.m or less. 

28, wherein the first porous 

41. The mult. 	yer thin film medical device of claim 

area between II 7 nm2  and 2000 mm2.  

28, wherein the device has an 

42. T 	multilayer thin film medical device of claim 

biodeg 	dable. 

28, wherein the second layer is 

43 	The multilayer thin film medical device of claim 36, wherein the second layer 

npr-i ,es PCL. 
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is disposed in a plurality of reservoirs located across one surface of the second layer. 

45. The multilayer thin film medical of claim 28, wherein the second layer compri, -s 

a plurality of reservoirs located across one surface of the second layer, wherein a f st 

reservoir of the plurality of reservoirs comprises the bioactive agent and a secon 

reservoir of the plurality of reservoirs comprises another bioactive agent. 

46. The multilayer thin film medical device of claim 28, wherein the 	oactive agent 

is present in a lyophilized form. 

47. The multilayer thin film medical device of claim 28, whei 	n the bioactive agent 

comprises a thin film of lyophilized material. 

48. The multilayer thin film medical of claim 35, comp sing a fourth non-porous 

layer in contact with the second layer, a fifth layer co 	sing a reservoir comprising 

another bioactive agent in contact with the fourth no -porous layer, a sixth 

nanostructured layer in contact with the fifth laye', and a seventh micro-porous layer in 

contact with sixth nanostructured layer. 

49. The multilayer thin film medical d• ice of claim 35, wherein the bioactive agent 

is disposed in a plurality of reservoirs lr. eated across one surface of the second layer. 

50. The multilayer thin film me,iical of claim 35, wherein the second layer comprises 

a plurality of reservoirs located cross one surface of the second layer, wherein a first 

reservoir of the plurality of r 	ervoirs comprises the bioactive agent and a second 

reservoir of the plurality •,' reservoirs comprises another bioactive agent. 

51. The multilaye thin film medical device of claim 28, wherein the bioactive agent 

is a protein therapy tic, a small molecule drug, a large molecule drug or an aptamer. 

52. The 	ltilayer thin film medical device of claim 28, wherein the bioactive agent 

is a protei 	aerapeutic selected from ranibizumab, bevacizumab, tr 	nizumab, 

rituxim. II, gentuzumab ozogamicin and cetuximab. 

53. The multilayer thin film medical device of claim 28, wherein the bioactive agent 

a sraalLmolecule_ther.a.peutic-se.14atecl-f-pam-stevoicls, 	pa.pafRycin, or pro4-agl-thatlin. 	 
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; 33ue, 	the method 

comprising: 

positioning in a subject a multilayer thin film medical device comprising: 

a first layer comprising a polymer and a pore forming agent; 

a bioactive agent; and 

a second layer in contact with the bioactive agent; 

wherein the bioactive agent is positioned between the fi t layer and the 

second layer, and wherein the multilayer thin film structure i- in a furled state; 

unfurling the furled multilayer thin film structure upon co 	act with a hydrating 

liquid in the subject to produce an unfurled multilayer thin film structure; 

dissolving the pore forming agent from the first layer of the unfurled multilayer 

thin film structure to produce a porous first layer; and 

releasing the bioactive agent from the medical d vice through the porous first 

layer to locally deliver the bioactive agent to the tiss 

55. The method of claim 54, wherein the unf ling and dissolving occurs 

simultaneously. 

56. The method of claim 54, wherein 	ie unfurling and dissolving occurs 

sequentially. 

57. The method of claim 54, 	erein the releasing locally delivers an effective 

amount of the bioactive agent . er an extended period of time. 

58. The method of clair 54, wherein the releasing of the bioactive agent from the 

medical device is subst 	tially zero order. 

59. 'The method of claim 54, wherein the positioning is in the eye(s) of the subject.61. 

60. The m 	lod of claim 54, wherein the positioning comprises injecting the furled 

device into 	e eye(s) of the subject. 

61. he method of claim 60, wherein the injecting comprises intravitreal injection. 

6 	The method_af_elairn 60, wherein -he inj.ectingc.omprises.subzetizal-iajzation.  
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65. 	The-method, 	 protein 	therapeutic, a,. 

small molecule drug, a large molecule drug or an aptamer. 

64. The method of claim 63, wherein the bioactive agent is a protein therap- tic 

selected from ranibizumab, bevacizumab, trastuzumab, rituximab, gentuzum 

ozogamicin and cetuximab. 

65. The method of claim 54, wherein the polymer is a biodegrada►  e polymer. 

66. The method of claim 65, wherein the biodegradable poly 	r is selected from the 

group consisting of a PLA, PGA, PCL, PLGA, PLCL, and coi 	mations thereof. 

67. The method of claim 54, wherein the pore forming gent is selected from the 

group consisting of gelatin, PEG, chitosan, or agarose. 

68. The method of claim 54, wherein the secons ayer is porous or non-porous. 

69. The method of claim 54, wherein the ra 	of biodegradable polymer to pore 

forming agent in the first layer of the furled 	u tilayer thin film structure is between 

about 1:5 and about 99:1. 

70. The method of claim 69, wherein the ratio of biodegradable polymer to pore 

forming agent in the first layer of t 	furled multilayer thin film structure is about 9:1. 

71. The method of claim 5 	wherein the % porosity of the porous first layer of the 

unfurled multilayer thin flustructure is between about 20% and about 0.01%. 

72. The method of c 	m 54, wherein the porous first layer of the unfurled multilayer 

thin film structure h 	an average pore size of 30 pm or less. 

73. The met] '9d of claim 72, wherein the porous first layer of the unfurled multilayer 

thin film struc 	re has an average pore size of 10 lam or less. 

74. T 	method of claim 54, wherein the unfurled multilayer thin film structure has 

an area etween 0.7 mm2  and 2000 mm2. 

75 	The method of claim 54, wherein the multilayer thin film medical device further 

rrrpris 	 . - 	•• 	sus layer positiofte et 	the first layer and the 
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a biodegradable polymer. 

76. The method of claim 75, wherein the third nanostructured porous layer has an 

average pore size of between about 1 nm and about 100 nm. 

77. The method of claim 75, wherein the biodegradable polymer is selected prom the 

group consisting of a PLA, PGA, PCL, PLGA, PLCL, and combinations the ►  of. 

78. The method of claim 54, wherein the second layer is biodegrada 	. 

79. A method of preparing a medical device, the method comprising: 

sealing together a first thin film layer comprising a polyi 	r and a pore forming 

agent and a second layer comprising a bioactive agent; and 

processing the multilayer thin film structure for a 	ficient period of time to 

allow the multilayer thin film structure to form a furled 	ructure. 

80. The method of claim 79, wherein the sealin_ s performed by heating defined 

areas of the first and second layers. 

81. The method of claim 80, wherein the eating is performed using an annulus. 

82. The method of claim 80, wherei 	he heating comprises melting the first and 

second thin film layers. 

83. The method of claim 79, 	erein the bioactive agent of is disposed on the second 

layer prior to the sealing. 

84. The method of cl 	79, wherein the polymer is a biodegradable polymer. 

85. The method o claim 84, wherein the biodegradable polymer is selected from the 

group consisting o a PLA, PGA, PCL, PLGA, PLCL, and combinations thereof. 

86. The mop od of claim 79, wherein the pore foaming agent is gelatin, PEG, 

chitosan or garose. 

87. he method of claim 79, wherein the second layer is porous or non-porous. 

	

88 	The method of claim 79, wherein the ratio of polymer to pore forming agent in 

first thin-film.-laterbelk\,,e4u-hut: 1:5 99:1. 

	

le 	 --is 	 -and-about 
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the first thin film layer is about 9:1. 

90. The method of claim 79, wherein the second thin film layer is biodegrad 	. 

91. The method of claim 72, wherein the second thin film layer compris s a polymer 

selected from the group consisting of a PLA, PGA, PCL, PLGA, PLCL, 	d 

combinations thereof. 

92. The method of claim 79, wherein the bioactive agent is a p 	tein therapeutic, a 

small molecule drug, a large molecule drug or an aptamer. 

93. The method of claim 92, wherein the bioactive agen, is a protein therapeutic 

selected from ranibizumab, bevacizumab, trastuzumab, r 	ximab, gentuzumab 

ozogamicin and cetuximab. 

94. The multilayer thin film medical device of lairn 92, wherein the bioactive agent 

is a small molecule therapeutic selected from st roids, rapamycin, prostaglandin, etc. 

95. A method of preparing, a medical d 	ice, the method comprising: 

fabricating a first nanoporous thie film layer over a nanotemplate; 

fabricating a second thin film 	yer comprising a polymer and a pore forming 

agent over the first nanoporous thi 	im layer; 

removing the first and se end thin film layers from the nanotemplate; 

combining the first an 	second layers with a third thin film layer comprising a 

bioactive agent to produce . multilayer thin film structure, wherein the first layer is 

positioned between the s cond layer and the bioactive agent; 

sealing the mu ilayer thin film structure to bond the first thin film layer to the 

third thin film layer 	e eby sealing the bioactive agent within the multilayer thin film 

structure; and 

process ng the multilayer thin film structure for a sufficient period of time to 

allow the 	ltilayer thin film structure to form a furled structure. 

96. e method of claim 95, wherein the sealing is performed by using heat 

97. The method of claim 95, wherein the sealing is performed by using an annulus to 

• 0 	B 
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9& 	The metho AA 4 	 t A le sealing is peffermcd by u3ing a 	laser to he 

defined regions of the thin film layers. 

99. The method of claim 95, wherein the polymer is biodegradable. 

100. The method of claim 99, wherein the biodegradable polymer is sole ed from the 

group consisting of a PLA, PGA, PCL, PLGA, PLCL, and a combinati 	thereof. 

101. The method of claim 95, wherein the pore forming agent i gelatin, PEG, 

chitosan, or agarose. 

102. The method of claim 95, wherein the fabricating 	e second thin film layer 

comprising a polymer and a pore forming agent ove • ae first nanoporous thin film layer, 

further comprises removing the pore forming ag 	t to generate a microporous second 

thin film layer. 

103. The method of claim 95, where' 	the ratio of polymer to pore forming agent in 

the second thin film layer is betwee about 1:5 and about 99:1. 

104. The method of claim 	'43, wherein the ratio of polymer to pore forming agent in 

the second thin film layer 	about 9:1. 

105. The method 	claim 103, wherein the third thin film layer is porous or non-

porous and is bi • i egradable. 

106. Tha method of claim 104, wherein the third thin film layer comprises PCL. 

107. The method of claim 95, wherein the bioactive agent is a protein therapeutic, a 
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ls8.. -- 	e-method-of-elaim--1-06; whereiirtire-bi 	-etive 	ert is- -piuteiii 	t ielapeutic 	 

selected from ranibizumab, bevacizumab, trastuzumab, rituximab, gentuzumab 

ozogamicin and cetuximab. 

109. The method of claim 95, wherein the third non-porous thin film layer co 	prises a 

plurality of reservoirs and the method comprises depositing the bioactive age r t in the 

plurality of reservoirs. 

110. The method of claim 95, wherein third non-porous thin film la er comprises a 

plurality of reservoirs and the method comprises depositing the bio 	tive agent in a first 

reservoir of the plurality of reservoirs and depositing another bioactive agent in a second 

reservoir of the plurality of reservoir. 

111. A kit for local delivery of a bioactive agent to a s Jim, the kit comprising a 

multilayer thin film medical device comprising: 

a first layer comprising a biodegradable poly er and a pore forming agent; 

a bioactive agent; and 

a second layer in contact with the bioa 	ive agent; 

wherein the bioactive agent is positi 	ed between the first layer and the second 

layer. 

112. The kit of claim 111, wherei 	he device comprises a furled structure. 

113. The kit of claim 111, f 	er comprising a syringe capable of injecting the device 

in the subject. 

114. The kit of claim 1 3, wherein the syringe contains the device and a carrier fluid. 

115. A multilayer 	n film medical device, comprising: 

a first non- orous layer; 

a bioac 	e agent; and 

a sect d non-porous layer in contact with the bioactive agent; 

wL rein the bioactive agent is positioned between the first layer and the second 

layer. 

11 	The multilayer thin film medical device of claim 115, wherein the device 

mat; et.c _a furled etrurtniP 
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147. 1:14.444-44.41t-ilay41:4144-4444-ria4Re.eliea4-elei-ee-erf-tiaim-1-1 	, wliumbra-m.1=17dtine 

is substantially cylindrical. 

118. The multilayer thin film medical device of claim 116, wherein the furled s r cture 

is substantially frusto-conical. 

119. The multilayer thin film medical device of claim 115, wherein the • vice 

comprises an unfurled structure. 

120. The multilayer thin film medical device of claim 119, w er 	the unfurled 

structure comprises a substantially circular peripheral edge. 

121. The multilayer thin film medical device of claim 1 	, wherein the unfurled 

structure is planar in shape. 

122. The multilayer thin film medical device of c s im 115, wherein the first layer and 

the second layer are in contact with each other at sale edges of the multilayer thin film 

thereby sealing the bioactive agent inside the ►  ultilayer thin film. 

123. The multilayer thin film medical 	vice of claim 115, wherein the first non- 

porous layers comprises a biodegradab, e polymer. 

124. The multilayer thin film 	dical device of claim 123, wherein the biodegradable 

polymer is PLA, PGA, PCL, P GA, PLCL, or a combination thereof.. 

125. The multilayer thi• film medical device of claim 115, wherein the second non-

porous layers comprise: a biodegradable polymer. 

126. The multil 	er thin film medical device of claim 125, wherein the biodegradable 

polymer is PL , PGA, PCL, PLGA, PLCL, or a combination thereof. 

127. Th multilayer thin film medical device of claim 115, wherein the first non-

porous s yers comprises a non-biodegradable polymer. 

12 	The multilayer thin film medical device of claim 115, wherein the second non- 
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is disposed in a reservoir located on a surface of the second non-porous layer. 

130. The multilayer thin film medical device of claim 129, wherein the reservoir 

comprises another bioactive agent. 

131. The multilayer thin film medical of claim 115, wherein the b.  • .ctive agent is 

disposed in a plurality of reservoirs located on a surface of the s 	nd non-porous layer. 

132. The multilayer thin film medical of claim 131, whe 	in the plurality of reservoirs 

further comprise another bioactive agent. 

133. The multilayer thin film medical of claim 	5, wherein the second layer 

comprises a plurality of reservoirs located act• s one surface of the second layer, 

wherein a first reservoir of the plurality of eservoirs comprises the bioactive agent and a 

second reservoir of the plurality of res 	oirs comprises another bioactive agent. 

134. The multilayer thin film 	' edical device of claim 115, wherein the bioactive agent 

is present in a lyophilized for ,, . 

135. The multilayer 	in film medical device of claim 115, wherein the bioactive agent 

is a small molecule 

136. The 1 ,  tilayer thin film medical device of claim 135, wherein the small molecule 

is an org 	ic compound. 

137 	The multilayer thin film medical device of claim 136, wherein the organic 

mpola4-4414,s4-apa44-444-4,-pPast4g.14444i44, or a steroid. 
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19. The multilaver thin film medical device of claim 1, wherein the first and second 

layers are formed from a single film folded over the bioactive agent and sealed at the 

periphery. 

20. The multilaver thin film medical device of claim 1„ wherein the bioactive agent is 

a small molecule drug. 

21. The multilayer thin film medical device of claim 20, wherein the small molecule 

drug is selected from steroids, rapamycin, or prostaglandin. 

22. The multilayer thin film medical device of claim 1, wherein the first layer and/or 

the second layer comprises engineered pores. 

23. The multilayer thin film medical device of claim. 22, wherein the engineered 

pores are nanopores. 

24. The multilaver thin film medical device of claim 22, wherein the engineered 

pores are micropores. 

25. The multilayer thin film medical device of claim 22, wherein the bioactive is a 

protein therapeutic, a small molecule drug, a large molecule drug or an aptainer. 

26. The multilaver thin film medical device of claim 25, wherein the bioactive agent 

is a protein therapeutic selected from ranibizumab, bevacizuinab, trastuzumab, 

rituximab, gentuzumab ozogamicin and cetuximab. 

27. The multilayer thin film medical device of claim 25, wherein the bioactive agent 

is a small molecule drugis selected from steroids, rapamycin, or prostaglandin.  
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