
ORIOIMAI 

1. A drug delivery device, comprising: 

a drug vial holder comprising an upper member and a lower member, the upper 

and lower members being configured to receive a drug vial therebetween; and 

a mechanism configured to move at least one of the upper and lower members 

relative to the other of the upper and lower members such that, when a drag vial is 

disposed between the upper and lower merobers and the at least one of the u^per and 

lower members is moved toward the other, the drug vial is compressed between the 

upper and lower members. 



WHAT IS CLAIMED IS: 

1. Adnigdelivery device, comprising: 

a drug vial holder comprising an upper member and a lower member, the upper 

and Lower members being configured to receive a drug vial therebetween; and 

a mechanism configured to move at least one of the upper and lower members 

relative to the other of the upper and lower members such that, when a drug vial is 

disposed between the upper and lower members and the at least one of the upper and 

lower members is moved toward the other, the drug vial is compressed between the 

upper and lower members, 

2. The drug delivery device of claim 1, wherein the mechanism is configured to 

compress a seal disposed between a cap of the drug vial and a neck portion of the drug 

vial when the drug vial is disposed between the upper and lower members and the at 

least one of the upper and lower members is moved toward the other. 

3. The drug delivery device of claim 1, wherein a plurality of projections 

extend from a surface of the lower member, the projections being configured to dent 

adjacent portions of a cap of the drug vial into a seal of the drug vial when the drug vial 

is compressed between the upper and lower members. 

4. The drug delivery device of claim 3, wherein the projections are configured 

to pierce the adjacent portions of the cap of the drug vial when the drug vial is 

compressed between the upper and lower members. 

5. The drug delivery device of claim 1, wherein the lower member defines an 

opening sized to receive a drug vial spike, and the opening is arranged to align with a 

seal of the drug vial when the drug vial is disposed between the upper and lower 

members. 

6. The drug delivery device of claun 1, wherein the lower member defines a 

recess configured to receive a portion of the drug vial therein. 
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7. The drug delivery device of claim 1, wherein the mechanism is configured to 

move the upper member, the lower member, and the drug vial disposed therebetween in 

unison after compressing the drug vial between the upper and lower members. 

8. The drug delivery device of claim 1, wherein the mechanism comprises a 

motor that, when operated, causes the at least one of the upper and lower members to 

move toward the other. 

9. The drug delivery device of claim 8, wherein the mechanism is configured in 

a maimer such that, after operating the motor for a period of time to compress the drug 

vial between the upper and lower members, continued operation of the motor causes the 

upper and lower members to move in unison. 

10. The drug delivery device of claim 1, wherein the mechanism is configured 

to move the upper member of the drug vial holder toward the lower member of the drug 

vial holder. 

11. The drug delivery device of claim 1, wherein die mechanism comprises a 

rotatable, threaded drive shaft to which a threaded drive member is secured, and the 

drive member is configured such that rotation of the drive shaft causes the drive 

member to move axially along the drive shaft. 

12. The drugdelivery device of claim 11, wherein the drive member comprises 

a ball screw. 

13. The drug deUvery device of claim 11, wherein the drive member is secured 

to theuppermemberofthevialholderinamanner such that axial movement of the 

drive member causes axial movement of the upper member. 

14. The dmg delivery device of claim 13, wherein the drive member is secured 

to a cross bar that is attached to at least one extension member, and the at least one 

extension member is attached to the upper member of the drug vial holder, 
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15. The drug delivery device of claim 1, wherein the mechanism comprises at 

least one resilient member configured to resist downward movement of the lower 

member of the drug vial holder. 

16. The drug delivery device of claim 15, wherein the at least one resilient 

member comprises a spring, 

17. The drug delivery device of claim 15, wherein the at least one resilient 

member is configured to provide sufficient resistance to downward movement of the 

lower member to cause a seal of a drug vial disposed between the upper and lower 

members to be compressed when the at least one of the upper and lower members is 

moved toward the other. 

18. The drug delivery device of claim 17, wherein the at least one resilient 

member is configured to collapse and allow the drug vial to move in unison with the 

upper and lower members after the seal of the drug vial has been compressed. 

19. The drug delivery device of claim 1, further comprising at least one spike 

disposed beneath the drug vial holder, wherein the mechanism is configured to move 

the upper and lower members of the drug via! holder in unison relative to the spike to 

cause the spike to penetrate a drug vial disposed between the upper and lower 

members. 

20. The drug delivery device of claim 1, finther comprising a pump configured 

to be operably connected to a fluid line that is in fluid communication with a drug vial 

disposed between the upper and lower members of the drug vial holder such that 

operation of the pump can draw drug fi-om the drug vial and through the fluid line. 

21. The drug delivery device of claim 1, wherein the mechanism is manually 

operable. 

22. A drug delivery system, comprising: 

a drug delivery device comprising 
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a drug vial holder comprising an upper member and a lower member; and 

a mechanism connected to the drug vial holder; and 

a drug vial disposed between the upper and lower members of the drug vial 

holder, 

wherein the mechanism is configured to move at least one of the upper and 

lower members relative to the other of the upper and lower members in a manner to 

compress the drug vial therebetween. 

23. The drug delivery system of claim 22, wherein the mechanism is 

configured to compress a seal disposed between a cap of the drug vial and a neck 

portion of the drug vial when the at least one of the upper and lower members is moved 

toward the other. 

24. The drug delivery system of claim 22, wherein a plurality of projections 

extend from a surface of the lower member, the projections being configured to dent 

adjacent portions of a cap of the drug vial into a seal of the drug vial when the drug vial 

is compressed between the upper and lower members. 

25. The drug delivery system of claim 22, wherein the mechanism is 

configured to move the upper member, the lower member, and the drug vial disposed 

therebetween in unison after compressing the drug vial between the upper and lower 

members. 

26. The drug delivery system of claim 22, wherein the mechanism is 

configured to move the upper member of the drug vial holder toward the lower member 

of the drug vial holder. 

27. The drug delivery system of claim 22, further comprising a spike disposed 

beneath the drug vial holder, wherein the mechanism is configured to move the upper 

and lower members of the drug vial holder in unison relative to the spike to cause the 

spike to penetrate a drug vial disposed between the upper and lower members. 
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28. The drug delivery system of claim 22, further comprising a pump 

configured to be operably connected to a fluid line that is in fluid communication with 

the drug vial disposed between the upper and lov/er members of the drug vial holder 

such that operation of the pump can draw drug from the drug vial and through the fluid 

line. 

29. A dialysis system, comprising: 

a dialysis machine comprising 

a blood pump; 

a drug delivery device comprising 

a drug pump; 

a drug vial holder comprising an upper member and a lower 

member; and 

a mechanism configured to move at least one of the upper and 

lower members relative to the other of the upper and lower members such that, when a 

drug vial is disposed between the upper and lower members and the at least one of the 

upper and lower members is moved toward the other, the drug vial is compressed 

between the upper and lower members; 

a blood line set comprising a blood line that is operably connected to the blood 

pump; and 

a fluid line set comprising a fluid line that is operably connected to the drug 

pump and is connected to a spike, the fluid line set being configured such that the spLke 

can be placed in fluid communication with the drug vial retained between the upper and 

lower members of the drug vial holder by moving the drug vial holder and the drug vial 

relative to the sptke, wherein the fluid line is in fluid communication with the blood 

line set such that a drug can be delivered from the drug vial to the blood line set when 

the drug pump is operated. 

30. A method, comprising: 

inserting a spike through a seal of a drug vial to allow fluid communication 

between an interior of the drug vial and a channel defined by the sptke; and 

deforming a portion of the seal away from a body of the drug vial to facilitate 

removal of drug firom the interior of the drug vial, wherein deforming the portion of the 
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seal away from the body of the drug vial comprises using a mechanism to move the 

spike relative to the drug vtal. 

3 ]. The method of claim 30, wherein the seal is a rubber seal. 

32. The method of claim 30, wherein deforming the portion of the seal 

comprises using the spike to apply a force to the portion of the seal. 

33. The method of claim 32, wherein the force is a frictional force. 

34. The method of claim 33, wherein moving the spike relative to the vial 

comprises applying a force to the body of the drug vial in a direction opposite the force 

applied to the portion of the seal. 

35. The method of claim 30, further comprising maintaining the seal in a 

compressed state while inserting the spike through the seal. 

36. The method of claim 35, wherein the seal is compressed between a cap of 

the drug vial and a neck portion of the drug vial. 

37. Themethodof claim 35, wherein the seal is compressed between a cap of 

the drug vial and a body portion of the drug vial. 

38. The method of claim 30, wherein the mechanism comprises a spring. 

39. The method of claim 30, wherein the mechanism is an automated 

mechanism. 

40. A method, comprising: 

compressing a seal of a drug vial between a cap of the drug vial and a neck 

portion or body portion of the drug vial by disposing the drug vial between an upper 

member and a lower member of a drug vial holder and moving at least one of the upper 
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and lower members of the drug vial holder toward the other of the upper and lower 

members of tiie drug vial holder; and 

while maintaining the seal in a compressed state, inserting a spike through the 

seal of the drug vial to allow fluid conunxmication between an interior of the drug vial 

and a channel defined by the spike. 

41. The method of claim 40, wherein the seal is compressed between a cap of 

the drug vial and a neck portion of the drug vialA 

42. The method of claim 40, wherein the seal is a nibber seal. 

43. The method of claim 40, further comprising denting portions of the cap into 

the seal. 

44. Themethodof claim 43, wherein denting the portions of the cap into the 

seal comprises forcing the cap against projections extending from a surface of the lower 

member of the drug vial holder. 

45. The method of claim 43, wherein denting the portions of the cap into the 

seal comprises piercing portions of the cap, 

46. The method of claim 40, further comprising deforming a portion of the seal 

away from a body of the drug via] to facilitate removal of drug from the drug vial. 

47. Themethodof claim 46, wherein deforming the portion of the seal 

comprises using the spike to apply a force to the portion of the seal. 

48. The method of claim 47, wherein the force is a frictional force. 

49. The method of claim 48, further comprising applying a force to the body 

portion of the drug vial in a direction opposite the force applied to the portion of the 

seal. 
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50. The method of claim 48, further comprising applying a force to the neck 

portion of the drug vial in a direction opposite the force applied to the portion of the 

seal. 

51. A drug vial spiking device, comprising: 

a cup-shaped member having a base and a sidewall, the base and the sidevi'all at 

least partially forming a recess configured to receive at least a portion of a drug vial; 

a spike extending from a central region of the base, the spike defining a channel 

extending therethrough; and 

a plurality of springs extending from the base of the cup-shaped member into 

the recess, the springs configured to apply a force to a drug vial in a direction away 

fium the base of the cup-shaped member when at least a portion of the drug vial is 

positioned in the recess. 

52. The drugvialspikingdeviceof claim 51, wherein the springs are leaf 

springs, 

53. The drug vial spiking device of claim 52, wherein at least one of the leaf 

springs comprises a projection extending from a surface thereof, the projection being 

arranged to contact a cap of the drug vial when the drug vial is inserted into the recess. 

54. The drug vial spiking device of claim 53, wherein the projection and the at 

least one leaf spring are configured in a manner such that the projection dents a cap of 

the drug vial when the drug vial is inserted Luto the recess. 

55. The drug vial spiking device ofciaim 51, wherein the base defines a 

plurality of openings configured to receive the plurality of springs when the dmg vial is 

fully inserted into the recess. 

56. The drug vial spikingdeviceof claim 51, wherein at least one of the springs 

comprises a projection extending therefix)m, the at least one of the springs and the 

projection being configured such that the projection dents a cap of the drug vial when 
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the drug vial is inserted into the recess with sufficient force to cause the cap of the vial 

to contact the base of the cup-shaped member. 

57. The drug vial spiking device of claim 51, fiirther comprising at least one bi

stable member attached to the base, the bi-stable member positioned above an aperture 

defined in the base. 

58. The drug vial spiidng device of claim 57, wherein the bi-stable member is 

configured to be stably positioned in a first position and a second position, and at least 

a portion of the bi-stable member is visible to a user when the bi-stable member is in 

the second position. 

59. The drug vial spiking device of claim 58, wherein the bi-stable member in 

the second position indicates that a drug vial has been fully inserted into the recess. 

60. The drug vial spiking device of claim 58, wherein the portion of the 

member visible to the user protrudes fi"om an outer surface of the base. 

61. The drug vial spiking device of claim 58, wherein the bi-stable member 

comprises a projection extending fixjm its upper surface. 

62. The drug vial spiking device of claim 61, wherein the projection is 

configured to push the bi-stable member from the first position to the second position 

when the drug vial is fully inserted into the recess such that the vial contacts the base of 

the cup-shaped member. 

63. Thedrug vial spiking device of claim 51, wherein the spike comprises a 

portion configured to engage an inner surface of a seal of a drug vial afl:er the spike is 

inserted into the drug vial. 

64. The drug vial spiking device of claim 63, wherein the portion of the spike 

extends laterally in at least one direction to a greater extent than a remainder of the 

spike, 
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65. The drug vial spiking device of claim 64, wherein the portion of the spike is 

substantially conical. 

66. The drug vial spiking device of claim 64, wherein the portion of the spike 

comprises a barb. 

67. The drug vial spikingdeviceof claim 51, wherein the spike defines a 

plurality of openings along an outer surface of the spike, and each of the openings is in 

fluid communication with the channel. 

68. The drug vial spiking device of claim 51, wherein a portion of the sidewall 

forms a flange that retains the portion of the vial within the recess, 

69. The drug vial spiking device of claim 68, wherein the flange is configured 

to contact a cap of the vial. 

70. A fluid line set, comprising: 

a plurality of fluid lines; 

a plurality of drug vial spiking devices, each of the drug vial spiking devices 

being connected to one of the fluid lines, and each of the drug vial spiking devices 

comprising 

a cup-shaped member having a base and a sidewall, the base and the 

sidewall at least partially forming a recess configured to receive at least a portion of a 

drug vial; 

a spike extending from a central region of the base, the spike defining a 

channel extending therethrough; and 

a plurality of springs extending from the base of the cup-shaped member 

into the recess, the springs configured to apply a force to a drug vial in a direction away 

from the base of the cup-shaped member when at least a portion of the drug vial is 

positioned in the recess. 

71. A fluid line set, comprising: 
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a frame comprising a top member, a manifold, and at least one connecting 

member that extends between and is attached to the top member and the manifold, the 

manifold defining a fluid passage extending dierethrough; 

a pluraUty of spikes extending firom the top member, each of the spikes defining 

a fluid channel; 

a plurality of fluid lines connected to the top member and the manifold, each of 

the fluid luies being in fluid communication with the channel of one of the spikes, and 

each of the fluid lines being in fluid communication with the fluid passage extending 

through the manifold, 

wherein the frame is configured to hold the fluid lines in a spaced apart 

configuration. 

72. The fluid line set of claim 71, wherein the frame comprises two connecting 

members that extend between and are attached to the top member and the manifold. 

73. The fluid line set of claim 72, wherein the frame is rectangular. 

74. The fluid line set of claim 72, wherein the frame further comprises a cross 

bar that extends between and is coimected to the two connecting members. 

75. The fluid line set of claim 74, wherein the cross bar defines a plurality of 

spaced apart recesses, and each of the recesses is configured to retain one of the fluid 

lines. 

76. The fluid line set of claim 71, wherein a projection extends from a surface 

of the frame, and the projection is configured to mate with a matching hole in a drug 

delivery device. 

77. The fluid line set of claim 76, wherein the projection is configured to 

engage the matching hole in the drug delivery device in a maimer to releasably secure 

the fluid line set to the drug delivery device. 
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78. The fluid line set of claim 76, wherein the projection and the matching hole 

are hexagonal. 

79. The fluid line setofclaim71,whereineachofthe top member, the 

manifold, and the at least one connecting member has a greater rigidity than the fluid 

lines. 

80. Thefluidlineset of claim71, further comprising a cover disposed over at 

least one of the spikes. 

81. A drug delivery system, comprising: 

a drug delivery device having a surface from which a plurality of pumps extend; 

and 

a fluid line set comprising 

a frame comprising a top member, a manifold, and at least one 

coimecting member that extends between and is attached to the top member and 

the manifold, the manifold defining a fluid passage extending therethrough; 

a plurality of spites extendmg from the top member, each of the spikes 

defining a fluid channel; 

a plurality of fluid lines comiected to the top member and the manifold, 

each of the fluid lines being in fluid communication with the channel of one of 

the spikes, and each of the fluid lines being in fluid communication with the 

fluid passage extending through the manifold, 

wherein the frame is configured to hold the fluid lines in a spaced apart 

configuration, and the fluid hne set is configured to be secured to the drug 

delivery device in a manner such that each of the fluid lines is operably 

coimected to one of the pumps. 

82. Thedrugdeliverysystemof claim 81, wherein the drug delivery device 

comprises a door, and the door and the surface of the drug delivery device form a 

cassette compartment configured to receive the frame and the fluid hues of the fluid 

line set therein when the door is closed. 
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83. The drug delivery system, of claim 82, wherein an inner surface of the door 

defines a recessed region configured to receive the frame of the fluid line set. 

84. The drug delivery system of claim 82, wherein an inner surface of the door 

defines a hole configured to receive a projection that extends from a surface of the 

support firame. 

85. The drug delivery system of claim 84, wherein the hole and the projection 

are configured to engage one another in a manner to releasably secure the fluid line set 

to the door of the drug delivery device. 

86. The drug delivery system of claim 81, wherein tlie pumps are peristaltic 

pumps. 

87. The drug delivery system of claim 81, wherein the drug delivery device 

further comprises a plurality of air bubble detectors positioned on the surface, and the 

fluid line set is configured to be disposed adjacent the surface of the dialysis machine in 

a maimer such that each fluid line is aligned with one of the air bubble detectors. 

88. The drugdelivery system ofclaim 81, wherein the drug delivery device 

further comprises a drug vial holder that is movable in a manner such that, when a drug 

vial is disposed in the drug vial holder, the drug vial can be moved with respect to the 

fluid line set to cause one of the spikes of the fluid line set to penetrate the vial. 

89. A dialysis system, comprising: 

a dialysis machine comprising 

a blood pump; and 

a drug delivery device havmg a surface fh>m which a plurality of drag 

pumps extend; 

a fluid line set comprising 

a frame comprising a top member, a manifold, and at least one 

connecting member that extends between and is attached to the top member and 

the manifold, the manifold defining a fluid passage extending therethrough; 
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a plurality of spikes extending fium the top member, each of the spilces 

defining a fluid channel; and 

a plurality of fluid lines connected to the top member and the manifold, 

each of the fluid lines being in fluid communication with the channel of one of 

the spikes, and each of the fluid lines being in fluid communication with the 

fluid passage extending through the manifold, wherein the frame is configured 

to hold the fluid lines in a spaced apart configuration, and the fluid line set is 

configured to be secured to the drug delivery device in a manner such that each 

of the fluid lines is operably connected to one of the pumps; and 

a blood line set comprising a blood line that is operably connected to the blood 

pump, 

wherein the fluid line set is configured to be placed in fluid communication with 

the blood line set such that, when one of the spikes of the fluid line set is disposed 

within a drug vial and the drug pump operably connected to the fluid line that is in fluid 

communication with the channel of that spike is operated, a drug is dehvered from the 

drug vial to the blood Ime set via the fluid line set. 

90. A drug vial spiking assembly, comprising: 

a drug vial spike device comprising a spike extending from a base, the spike 

having a tip opposite the base; and 

a cover secured to the drug vial spike device, the cover being movable toward 

the base from a first position in which the cover at least partially covers the tip of the 

spike to a second position in which the tip of the spike is Mly exposed. 

91. The drug vial spiking assembly of claim 90, wherein the cover is resilient 

such that when a force applied to the cover to move the cover from the first position to 

the second position is removed, the cover returns to approximately the first position. 

92. The drug vial spiking assembly of claim 90, wherein a length of the cover is 

greater than a length of the spike when the cover is in the first position, and the length 

of the cover is less than the length of the spike when the cover is in the second position, 
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93. The drug vial spiking assembly of claim 90, wherein the cover comprises 

an upper member, a lower member, and at least one elongate structure connecting the 

upper member to the lower member. 

94. The drug vial spiking assembly of claim 93, wherein each of the upper and 

lower members defines an aperture configured to receive the spike therein. 

95. The drug vial spiking assembly of claim 93, wherein the at least one 

elongate structure comprises a plurality of circumferentially spaced, resilient columns, 

96. The drug vial spiking assembly of claim 95, wherein each of the resiHent 

columns defines a channel along its peripheral surface that facilitates collapse of the 

column when a force is applied to the column along a longitudinal axis of the column. 

97. The drug vial spiking assembly of claim 95, wherein the at least one 

elongate structure comprises a foam tube. 

98. The drug via! spiking assembly of claim 93, wherein the elongate structure 

comprises a spring. 

99. The drug vial spiking assembly of claim 98, wherein the spring is a coil 

spring that at least partially surrounds the spike. 

100. The drug vial spiking assembly of claim 90, wherein the member is an 

inflated member. 

101. The drug vial spiking assembly of claim 100, wherein the inflated member 

is an inflated balloon. 

102. The drug vial spiking assembly of claim 100, wherein the inflated member 

at least partially surrounds the spike. 
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] 03. The drug vial spilcing assembly of claim 102, wherein the inflated member 

and the spike are configured such that the spikt punctures the inflated member when a 

force is applied to the inflated member in a direction along the spike. 

104. The drug vial spiking assembly of claim 90, wherein the cover is a coil 

spring that at least partially surrounds the spike. 

105. The drug vial spiking assembly of claim 90, wherein the cover comprises 

an elongate tubular member that fits over the spike. 

106. The drug vial spiking assembly of claim 105, further comprising a 

structure that is fixed relative to the spike and is configured to contact the elongate 

tubular member and resist fiirther movement of the elongate tubular member when the 

elongate tubular member has been moved to the second position, 

107. The drug vial spiking assembly of claim 90, wherein a plurality of 

projections extend from a surface of the cover, and the projections are configured to 

dent adjacent portions of a cap of a drug vial into a rubber sea] of the drug vial when 

the drug vial is pressed against the cover with sufficient force to cause the cover to 

move from the fiist position to the second position. 

108. A fluid line set, comprising: 

a plurality of fluid lines; 

a plurality of drug vial spike devices, each of the drug vial spike devices 

coimected to one of the fluid lines, and each of the drug vial spike devices comprising a 

spike extending from a base, the spike of each drug vial spike device having a tip 

opposite the base; and 

a plurality of covers, each of the covers secured to one the drug vial spike 

devices, each cover being movable toward the base fi-om a first position in which the 

cover at least partially covers the tip of the spike of the spike device to which the cover 

is secured to a second position in which the tip of the spike of the spike device to which 

the cover is secured is fiilly exposed, 
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109. A drug deliveiy device, comprising: 

a pump extending from a surface of the drug delivery device; and 

a door having an inner surface and comprising a spring-loaded member exposed 

along the inner surface, the spring-loaded member defining a recess configured to 

receive a portion of the pump when the door is closed, 

wherein, when a fluid line is positioned in the recess and the door is closed, the 

fluid line is compressed between the spring-loaded member and the pump in a maimer 

such that the fluid line is occluded in at least one location. 

110. The drug delivery device of claim 109, wherein the pump is configured to 

pump fluid through the fluid line when the pump is operated, the fluid line is positioned 

in the recess, the door is closed, and the pump is operated. 

111. The drug delivery device of claim 109, wherein a first spring is connected 

to a first end region of the spring-loaded member, and a second spring is connected to a 

second end region of the spring loaded member, and the first and second springs are 

each secured to a structure of the door. 

112. The drug delivery device of claim 109, wherein the pump is rigidly fixed 

to a housing of the drug delivery device. 

113. The drug delivery device of claim 109, wherein the pump is a peristaltic 

pump comprising a firame and a plurality of rollers positioned about a circumference of 

the frame. 

114. The drug delivery device of claim 113, wherein the frame is rotatably 

secured to a rod that is fixed to a housing of the drug delivery device. 

115. The drag delivery de-vice of claim 113, further comprising a drive 

mechanism configured to operate the peristaltic pump, 

116. The drag delivery device of claim 115, wherein the drive mechanism 

comprises a motor having an output shaft and a worm gear attached to the output shaft, 
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and the worm gear is engaged with a gear secured to the frame such ttiat rotation of the 

output shaft causes the frame of the peristaltic pump to rotate. 

117. The drug delivery device of claim 109, wherem the drug delivery device 

comprises a plurality of pumps extending from the surface of the drug delivery device, 

the door comprises a plurality of spring-loaded members exposed along the inner 

surface, and each of the spring-loaded members defines a recess configured to receive a 

portion of one of the pumps when the door is closed. 

118. The drug delivery device of claim 117, wherein the inner surface of the 

door defines a recessed region configured to receive a frame of a fluid line set therein. 

119. Thedrugdelivery device of claim 118, wherein the inner surface of the 

door further defines a plurality of recessed channels configured to receive fluid lines of 

the fluid line set therein. 

120. The drug delivery device of claim 117, further comprising a plurality of 

air bubble detectors, each of the air bubble detectors being arranged to substantially 

align with a fluid line when fluid lines are positioned within the recesses of the door 

and the door is closed such that the air bubble detectors can detect air within the fluid 

lines. 

121. The drugdelivery device of claim 120, further comprising a plurality of 

drug vial holders positioned above the plurality of pumps, each of the drug vial holders 

being configured to retain at least one drug vial, 

122. The drug delivery device of claim 121, wherein the drug dehvery device is 

configured to operate the pumps in a manner such that, when fluid lines are positioned 

in the recesses of the door, the door is closed, and each of the fluid lines is in fluid 

communication with a drug vial retained by one of the drug vial holders, an air bubble 

is passed through a drug delivery line connected to each of the fluid lines between the 

delivery of drug from consecutive vials. 
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123. The drug delivery device of claim 122, wherein the drug delivery device is 

configured to operate the pumps in a manner to pass an air bubble through the drug 

delivery line after completion of the delivery of drug from each vial. 

124. The drug delivery device of claim 109, wherein the drug delivery device is 

part of a dialysis machine. 

125. The drug delivery device of claim 124, wherein the fluid Une is connected 

to a blood circuit of the dialysis machine in a manner such that fluid is delivered 

through the fluid line to the blood circuit when the pump is operated. 

126. A drug delivery system, comprising: 

a plurality of fluid lines; 

a plurality of occluders, each occluder being operably cormected to one of the 

fluid lines; and 

a single pump operably connected to a drug delivery line that is in fluid 

communication with each of the fluid lines, 

wherein lJh,e drug delivery system is configured to operate the occluders and the 

pump in a marmer such that, when the plurality of fluid lines are placed in fluid 

communication with a plurality of drug vials, drugs are drawn from the plurality of 

drug vials into the drug delivery line. 

127. The drug delivery system of claim 126, wherein the drug delivery system 

is configured to operate the occluders and the pump in a manner such that drug is only 

drawn into the drug delivery line &om one of the drug vials at a time. 

128. The drug delivery system of claim 126, further comprising a plurality of 

air bubble detectors, each of the air bubble detectors being substantially aligned with 

one of the fluid lines such that the air bubble detectors can detect air within the fluid 

Imes. 

129. The drug delivery system of claim 128, wherein the drug delivery system 

is configured to operate the occluders and the pump in a manner such that, when the 
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plurality of fluid lines are placed in fluid communication with a plurality of drug vials, 

an air bubble is passed through the drug delivery line between the delivery of drug from 

consecutive vials. 

130. The drug delivery system of claim 129, wherein the drug delivery system 

is configured to operate the occluders and the pump in a manner to pass an air bubble 

through the drug delivery line after completion of the delivery of drug from each vial. 

131. The drug delivery system of claim 126, wherein the drug delivery system 

is part of a dialysis machine. 

132. The drugdelivery system of claim 131, wherein the drug delivery line is 

connected to a blood circuit of the dialysis machine in a manner such that fluid can be 

delivered through the drug delivery line to the blood circuit when the pump is operated. 

133. A drug delivery method, comprising: 

passing a first drug through a drug delivery line to a vented chamber; 

passing a gas bubble through the drug delivery line to the vented chamber, the 

gas bubble extending across substantially an entire inner diameter of the drug delivery 

line as the gas bubble passes therethrough; and then 

passing a second drug through the drug delivery line to the vented chamber, 

134. The drug delivery method of claim 133, wherein the first and second drugs 

are the same drug. 

135. The drug delivery method of claim 133, wherein the first and second drugs 

are different drugs. 

136. The drug delivery method of claim 135, wherein the first and second drugs 

are not suitable for mixing together prior to being delivered to a patient. 

137. The dmg delivery method of claim 135, wherein the first drug is synthetic 

erythropoietin and the second drug is iron sucrose. 
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138. The drug delivery method of claim 133, wherein the gas bubble pushes 

some of the first drug through the drug delivery line to the vented chamber as the gas 

bubble is passed through the drug delivery line to the vented chamber. 

139. The drug delivery method of claim 138, wherein the gas bubble pushes 

substantially all residual first drug in the drug dehvery line to the vented chamber as the 

gas bubble is passed through the drug dehvery line to the vented chamber. 

140. The drug delivery method of claim 133, wherein passing the first drug 

through the drug delivery Ime comprises operating a first pump that is operably 

connected to a first fluid line to move the first drug into the drug delivery line from the 

first fluid line, and passing the second drug through the drug delivery line comprises 

operating a second pump that is operably connected to a second fluid line to move the 

second drug into the drug delivery line from the second fluid line. 

141. The drug delivery method of claim 140, wherein passing the gas bubble 

, through the drug delivery line comprises operating the first pump to move the gas 

bubble mto the drug delivery line from the first fluid line. 

142. The dmg delivery method of claim 133, wherein passing the first drug, the 

gas bubble, and the second drug through the drug delivery line comprises operating a 

single pump that is operably connected to the drug dehvery line. 

143. The drug delivery method of claim 142, wherein the first drug is drawn 

into the drug delivery line fiTjm a first fluid line, and the second drug is drawn into the 

drug delivery line from a second fluid line. 

144. The drug delivery method of claim 143, further comprising occluding the 

second fluid line while the first drug is bemg drawn into the drug delivery line, and 

occluding the first fluid line while the second drug is being drawn into the dmg 

delivery line. 
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145. The drag delivery method of claim 143, wherein the gas bubble is drawn 

into the drag delivery line from the first fluid line. 

146. The drag delivery method of claim 133, wherein the first drug is moved 

into the drug delivery line from a first drug container that is connected to the dmg 

delivery line via a first fluid line, and the second drag is moved into the drag delivery 

line from a second drug container that is connected to the drag delivery line via a 

second fluid line. 

147. The drag delivery method of claim 146, wherein passing the gas bubble 

through the drag delivery line comprises moving gas into the drag delivery line from 

the first drag container. . 

148. The drug delivery method of claim 147, finther comprising detecting gas 

in the fnst fluid line and occluding a region of the first fluid line when a desired volume 

of gas has passed beyond the region of the fluid line. 

149. The drug delivery method of claim 133, finther comprising allowing the 

gas bubble to escape to atmosphere via a vent of the vented chamber. 

150. The drag delivery method of claim 133, further comprising introducing 

blood into the vented chamber. 

151. The drug delivery method of claim 150, further comprising allowing the 

first drag to mix with the blood in the vented chamber, and then delivering the resulting 

mixture of the first drug and the blood to a patient. 

152. The drag delivery method of claim 133, wherein the gas bubble is an air 

bubble, 

153. The drag delivery method of claim 133, further comprising passing a third 

drag through the drag delivery line to the vented chamber. 
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154. The drug delivery method of claim 153, further comprising passing a gas 

bubble through the drug delivery line after passing the second drug through the drug 

delivery line and before passing the third drug through the drug delivery line. 

155. A drug delivery method, comprising: 

determining thaf a first drug contained in a first container connected to a drug 

delivery line and a second drug contained in a second container connected to the drug 

delivery line are not suitable for mixing together prior to being delivered to a patient; 

and 

after determining that the first and second drugs are not suitable for mixing, 

operating a drug delivery device in a manner to 

deliver the first drug through the drug delivery line and to a patient; 

deliver a gas bubble through the drug delivery line; and then 

deliver the second drug through the drug delivery hne and to a patient. 

156. The drug delivery method of claim 155, further comprising venting the 

gas bubble to atmosphere before the second drug is delivered to the patient such that 

the gas bubble is not delivered to the patient. 

157. A dialysis system comprising: 

a dialysis machine comprising 

a blood pump, 

a modular drug delivery device comprising at least one drug pump and a 

plurality of drug vial holders, and 

a housing to which the blood pump and the modular drug dehvery 

device are secured; 

a blood line set comprising multiple blood lines and a vented chamber in fluid 

communication with the multiple blood lines, the blood line set being connected to the 

blood pump in a manner such that, when the blood line set is connected to a patient and 

the blood pump is operated, blood of the patient is passed through the blood line set; 

a drug line set comprising multiple drug lines, the drug line set being connected 

to the vented chamber of the blood line set and to the at least one drug pump in a 

manner such that, when the drug line set is fiuidly connected to one or more drug vials 
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contained in the multiple drug vial holders and the at least one drug pump is operated, 

drug is delivered from the one or more drug vials to the vented chamber of the blood 

line set via the drug line set; and 

a control unit configured to operate the blood pump and the drug pump to 

simultaneously delivery drug and blood to the vented chamber. 

158. A method, comprising: 

selecting a drug vial combination by comparing a prescribed drug dosage to a 

dosing schedule, the dosing schedule providing a plurality of drug vial combinations 

associated with a plurality of drug dosages, wherein the selected drug vial combination 

comprises one or more drug vials, and each of the one or more drug vials contains a 

first drug; and 

delivering substantially all of the first drug from each of the one or more drug 

vials to a patient by operating a pump of a drug delivery device to which the one or 

more drug vials are connected. 

159. The method of claim 158, wherein a control unit of the drug delivery 

device selects the drug vial combination. 

160. The method of claim 159, wherein the control unit runs a computer 

program that automatically selects the drug vial combination based on the prescribed 

dosage and operator preferences. 

161. The method of claim 160, wherein the prescribed dosage and operator 

preferences are entered into the drug delivery device by the operator 

162. The method of claim 160, wherein the prescribed dosage is electronically 

transmitted to the control unit from a database storing data comprising the prescribed 

dosage. 

163. The method of claim 162, wherein the prescribed dosage is entered into 

the database by or at the direction of a physician of the patient. 
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164. The method of claim 159, wherein the control unit controls operation of 

the pump, 

165. The method of claim 15 8, wherein the drug vial combinations and 

associated drug dosages of the dosing schedule are based on a single treatment. 

166. The method of claim 158, wherein the drug vial combinations and 

associated drug dosages of the dosing schedule are based on multiple treatments. 

167. The method of claim 158, wherein the drug vial combination is selected 

based at least in part on the niimber of drug vials required over the course one or more 

treatments. 

168. The method of claim 167, wherein the drug vial combination is selected 

based at least in part on the number of drug vials required over the course of multiple 

treatments. 

169. The method of claim 168, wherein the drug vial combination is selected 

based in part on a drug dosage consistency that would be provided by the drug vial 

combination over the course of multiple treatments. 

170. A method, comprising: 

receiving by one or more computers data related to a prescribed drug dosage; 

and 

determining by the one or more computers one or more recommended drug vial 

combinations by comparing the prescribed dosage to a dosing schedule, wherein each 

of the one or more recommended drug vial combinations comprises one or more drug 

vials, and the one or more drug vials of each of the one or more recommended drug vial 

combinations contain an amount of drug substantially equal to the prescribed dosage, 

and wherein the dosing schedule comprises data representing a plurality of drug vial 

combinations associated with a plurality of drug dosages. 
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171. The method of claim 170, further comprising displaying the one or more 

recommended drug vial combinations on a display, 

172. The method of claim 170, wherein determining the one or more 

recommended drug vial combinations comprises detennimng the one or more drug vial 

combinations from the dosing schedule that utilize the fewest drug vials over the course 

of one or more treatments and that contain an amount of drug substantially equal to the 

prescribed drug dosage. 

173. The method of claim 172, wherein determining the one or more 

recommended drug vial combinations further comprises determining the one or more 

drug vial combinations from the dosing schedule that utilize the fewest drug vials over 

the course of multiple treatments and that contain an amount of drug substantially equal 

to the prescribed drug dosage. 

174. The method of claim 170, wherein determining the one or more 

recommended drug vial combinations comprises determining one or more drug vial 

combinations from the dosing schedule that resuh in a drug dosage consistency within 

an acceptable consistency range over the course of one or more treatments and that 

contain an amount of drug substantially equal to the prescribed drug dosage. 

175. The method of claim 174, wherein determining the one or more 

recommended drug vial combinations further comprises determining the one of the one 

or more drug vial combinations that utiHzes the fewest number of drug vials over the 

course of the one or more treatments and that contains an amount of drug substantially 

equal to the prescribed drug dosage. 

176. The method of claim 170, wherein determiiting the one or more 

recommended drug via! combinations comprises determining one or more drug vial 

combinations from the dosing schedule that resuh in a drug dosage consistency within 

an acceptable consistency range over the course of muhiple treatments and that contain 

an amount of drug substantially equal to the prescribed drug dosage. 
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177. The method of claim 176, wherein determining the one or more 

recommended drug vial combinations further comprises determining the one of the one 

or more drug vial combinations from the dosing schedule that utilizes the fewest 

number of drug vials over the course of the multiple treatments and that contains an 

amount of drug substantially equal to the prescribed drug dosage. 

178. The method of claim 170, wherein determining the one or more 

recommended drug vial combinations comprises determining the drug vial combination 

from the dosing schedule that provides the greatest drug dosage consistency over the 

course of the one or more treatments and that contains an amount of drug substantially 

equal to the prescribed drug dosage. 

179. The method of claim 178, wherein determining the one or more 

recommended drug vial combinations comprises determining the drug vial combination 

that provides the greatest drug dosage consistency over the course of multiple 

treatments and that contains an amount of drug substantially equal to the prescribed 

drug dosage. 

180. The method of claim 170, wherein the data is transmitted from a user 

interface of a medical system. 

181. The method of claim 180, wherein the medical system is a hemodialysis 

system. 

182. The method of claim 170, wherein the one or more computers is a 

processor. 

183. A computer program product residing on a computer readable medium, the 

computer program product comprising instructions for causing a processor to: 

determine one or more recommended drug vial combinations by comparing a 

prescribed dosage to a dosing schedule, wherein each of the one or more recommended 

drug vial combinations comprises one or more drug vials, and the one or more drug 

vials of each of the one or more recommended drug vial combinations contain an 

109 



amount of drug substantially equal to the prescribed dosage, and wherein the dosing -

schedule comprises data representing a plurality of different drug vial combmations 

associated with a plurality of different drug dosages. 

Dated this 16/1/2012 ; / H / 
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DRUG DELIVERY DEVICES AND 
RELATED SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application Serial No. 

61/222,146, filed on July 1, 2009, which is incorporated by reference herein. 

TECHNICAL FIELD 

This invention relates to drug delivery devices and related systems and methods. 

BACKGROUND 

As soon as kidney failure is diagnosed, patients are typically given medication 

to help control the symptoms and slow the progress of the damage to the kidneys. 

Patients with chronic kidney failure generally take drugs to control the balance of 

minerals in the body and prevent a reduction of red blood cells (anemia). 

Healthy kidneys produce the hormone erythropoietin (often shortened to 

"EPO"), which stimulates the production of red blood cells in the bone marrow. Red 

blood cells play a key role in the delivery of oxygen to tissues in the body. If the body 

does not have enough EPO, it can lead to anemia. This often causes a drop in physical 

and mental performance and an increased risk for cardio-vascular diseases. To prevent 

anemia, chronic renal patients normally receive a synthetic version of erythropoietui 

(also referred to as "EPO") that, like the natural erythropoietin, stimulates the 

production of red blood cells. 

Anemia can be managed using a variety of different drugs. For example, since 

iron is also needed to produce red blood cells, many dialysis patients also take iron 

preparations. Venofer® (iron sucrose injection, USP) is indicated in the treatment of 

iron deficiency anemia in patients undergoing chronic hemodialysis who are receiving 

supplemental EPO therapy. 

SUMMARY 

In one aspect of the invention, a drug delivery device includes a drug vial holder 

including an upper member and a lower member. The upper and lower members are 

configured to receive a drug vial therebetween. The drug delivery device also includes 

a mechanism configured to move at least one of the upper and lower members relative 
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TO the other of the upper and lower members such that, when a drug vial is disposed 

between the upper and lower members and the at least one of the upper and lower 

members is moved toward the other, the drug vial is compressed between the upper and 

lower members. 

In another aspect of the invention, a drug delivery system includes a drug 

delivery device including a drug vial holder having an upper member and a lower 

member, and a mechanism coimected to the drug vial holder. The drug delivery system 

also includes a drug vial disposed between the upper and lower members of the drug 

vial holder. The mechanism is configured to move at least one of the upper and lower 

members relative to the other of the upper and lower members in a manner to compress 

the drug vial therebetween. 

In an additional aspect of the invention, a dialysis system includes a dialysis 

machine that includes a blood pump. The system further includes a drug delivery 

device that includes a drug pump, a drug vial holder including an upper member and a 

lower member, and a mechanism configured to move at least one of the upper and 

lower members relative to the other of the upper and lower members such that, when a 

drug vial is disposed between the upper and lower members and the at least one of the 

upper and lower members is moved toward the other, the drug vial is compressed 

between the upper and lower members. The system also includes a blood line set 

including a blood line that is operably connected to the blood pump and a fluid line set 

including a fluid line that is operably cormected to the drug pump and is connected to a 

spike. The fluid Lme set is configured such that the spike can be placed in fluid 

communication with the drug vial retained between the upper and lower members of 

the drug vial holder by moving the drug vial holder and the drug vial relative to the 

spike. TTie fluid line is in fluid communication with the blood line set such that a drug 

can be delivered from the drug vial to the blood line set when the drug pump is 

operated. 

In a further aspect of the invention, a drug vial spiking device includes a cup-

shaped member having a base and a sidewall that at least partially form a recess 

configured to receive at least a portion of a drug vial, a spike extending from a central 

region of the base, and multiple springs extending from the base of the cup-shaped 

member into the recess. The spike defines a channel extending therethrough, and the 

springs are configured to apply a force to a drug vial in a direction away from the base 
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of the cup-shaped member when at least a portion of the drug vial is positioned in the 

recess. 

In another aspect of the invention, a fluid line set includes multiple fluid lines 

and multiple drug vial spiking devices, each of which is connected to one of the fluid 

lines. Each ofthe drug vial spiking devices includes a cup-shaped member having a 

base and a sidewall that at least partially form a recess configured to receive at least a 

portion of a drug vial, a spike extending from a central region ofthe base, and multiple 

springs extending from the base of the cup-shaped member into the recess. The spike 

defines a channel extending therethrough, and the springs are configured to apply a 

force to a drug vial in a direction away from the base ofthe cup-shaped member when 

at least a portion ofthe drug vial is positioned in the recess. 

In an additional aspect ofthe invention, a fluid line set includes a frame having 

a top member, a manifold, and at least one connecting member that extends between 

and is attached to the top member and the manifold. The manifold defines a fluid 

passage extending therethrough. The fluid line set also includes muhiple spikes that 

extend from the top member and multiple fluid lines connected to the top member and 

the manifold. Each ofthe spikes defines a fluid channel. Each ofthe fluid lines is in 

fluid communication with the channel of one ofthe spikes and v/ith the fluid passage 

extending through the manifold. The frame is configured to hold the fluid lines in a 

spaced apart configuration. 

In a further aspect ofthe invention, a drug delivery system includes a drug 

delivery device having a surface firom which multiple pumps extend and a fluid line set. 

The fluid line set includes a frame having a top member, a manifold, and at least one 

connecting member that extends between and is attached to the top member and the 

manifold. The manifold defines a fluid passage extending therethrough. The fluid line 

set also includes multiple spikes that extend from the top member and multiple fluid 

lines connected to the top member and the manifold. Each ofthe spikes defines a fluid 

channel. Each ofthe fluid lines is in fluid communication with the channel of one of 

the spikes and with the fluid passage extending through the manifold. The frame is 

configured to hold the fluid lines in a spaced apart configuration, and the fluid line set 

is configured to be secured to the drug delivery device in a manner such that each ofthe 

fluid lines is operably connected to one ofthe pumps. 
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In yet another aspect of the invention, a dialysis system includes a dialysis 

machine including a blood pump and a blood line set including a blood line that is 

operably connected to the blood pump. The system further includes a drug delivery 

device having a surface from which multiple drug pumps extend and a fluid line set. 

The fluid line set includes a frame having a top member, a manifold, and at least one 

connecting member that extends between and is attached to the top member and the 

manifold. The manifold defines a fluid passage extending therethrough. The fluid line 

set also includes multiple spikes that extend fhsm the top member and multiple fluid 

lines connected to the top member and the manifold. Each of the spikes defines a fluid 

channel. Each of the fluid lines is in fluid communication with the channel of one of 

the spikes and with the fluid passage extending through the manifold. The frame is 

configured to hold the fluid lines in a spaced apart configuration. The fluid line set is 

configured to be secured to the drug delivery device in a manner such that each of the 

fluid lines is operably connected to one of the pumps. The fluid line set is further 

configured to be placed in fluid communication with the blood line set such that, when 

one of the spikes of the fluid line set is disposed within a drug vial and the drug pump 

operably connected to the fluid line that is in fluid communication with the channel of 

that spike is operated, a drug is delivered from the drug vial to the blood line set via the 

fluid line set. 

In a further aspect of the invention, a drug vial spiking assembly includes a drug 

vial spike device including a spike extending from a base and a cover secured to the 

drug vial spike device. The spLke has a tip opposite the base, and the cover is movable 

toward the base from a first position in which the cover at least partially covers the tip 

of the spike to a second position in which the tip of the spike is fully exposed. 

In an additional aspect of the invention, a fluid line set includes mutiple fluid 

lines, multiple drug vial spike devices, and multiple covers. Each of the drug vial spike 

devices is connected to one of the fluid lines and includes a spike extending from a 

base. The sptke of each drug vial spike device has a tip opposite the base. Each of the 

covers is secured to one the drug vial spike devices and is movable toward the base 

from a first position in which the cover at least partially covers the tip of the spike of 

the spike device to which the cover is secured to a second position in which the tip of 

the spike of the spike device to which the cover is secured is fully exposed. 
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