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IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF PENNSYLVANIA 

 
 
BAXTER HEALTHCARE CORPORATION and 
GAMBRO LUNDIA AB, 
 
   Plaintiffs, 
 
 v. 
 
B. BRAUN MEDICAL INC. and  
B. BRAUN AVITUM AG, 
 
   Defendants.  
 

 
 
 
 
C.A. No. ___________ 
 
 

 
COMPLAINT FOR PATENT INFRINGEMENT 

Plaintiffs Baxter Healthcare Corporation and Gambro Lundia AB (collectively “Baxter”) 

file this complaint for patent infringement against Defendants B. Braun Medical Inc. and 

B. Braun Avitum AG (collectively “B.Braun”), and in support thereof alleges and avers as 

follows: 

THE PARTIES 

1. Plaintiff Baxter Healthcare Corporation is a Delaware corporation with its 

principal place of business at One Baxter Parkway, Deerfield, Illinois 60015. 

2. Plaintiff Gambro Lundia AB is a Swedish corporation headquartered at 

Magistratsvägen 16 226 43 Lund, Sweden, and doing business through its subsidiary Gambro 

Renal Products, Inc., located at One Baxter Parkway, Deerfield, Illinois 60015. 

3. On information and belief, Defendant B. Braun Medical Inc. is a corporation 

organized under the laws of the Commonwealth of Pennsylvania, having its principal place of 

business at 824 Twelfth Avenue, Bethlehem, Pennsylvania 18018. 
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4. On information and belief, Defendant B. Braun Avitum AG is a German 

corporation headquartered at Schwarzenberger Weg 73 – 79, 34212 Melsungen, Germany, and 

doing business through its subsidiary B. Braun Medical Inc. located at 901 Marcon Boulevard, 

Allentown, Pennsylvania 18109. 

NATURE OF THE ACTION 

5. This is a civil action arising under the patent laws of the United States, 35 U.S.C. 

§ 1 et seq., including 35 U.S.C. § 271, based on B.Braun’s infringement of U.S. Patent No. 

6,887,214 (Exhibit A); U.S. Patent No. 7,232,418 (Exhibit B); U.S. Patent No. 7,314,554 

(Exhibit C); U.S. Patent No. 7,727,391 (Exhibit D); U.S. Patent No. 7,867,393 (Exhibit E); U.S. 

Patent No. 8,267,308 (Exhibit F); and U.S. Patent No. 8,459,543 (Exhibit G) (collectively, the 

“Patents-in-Suit”). 

JURISDICTION AND VENUE 

6. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and 

1338(a) because the claims arise under the patent laws of the United States, 35 U.S.C. § 1 et seq., 

including 35 U.S.C. § 271. 

7. This Court has personal jurisdiction over B.Braun because B.Braun has 

continuous and systematic contacts with the Commonwealth of Pennsylvania. 

8. In particular, B. Braun Medical Inc. maintains its principal place of business in 

Bethlehem, Pennsylvania, and thereby has purposefully availed itself of the benefits and 

protections of the laws of the Commonwealth of Pennsylvania. 

9. Additionally, B. Braun Avitum AG is doing business through its subsidiary 

B.Braun Medical Inc. in Allentown, Pennsylvania, and thereby has purposefully availed itself of 

the benefits and protections of the laws of the Commonwealth of Pennsylvania. 

10. Venue is proper in this district under 28 U.S.C. § 1400(b). 
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11. In particular, B. Braun Medical Inc., through its principal place of business in 

Bethlehem, has a regular and established place of business in the Eastern District of 

Pennsylvania. 

12. Additionally, B. Braun Avitum AG, has a regular and established place of 

business in the Eastern District of Pennsylvania through its subsidiary B. Braun Medical Inc.  

13. The accused infringing product is B.Braun’s OMNI® system.   

14. On information and belief, B.Braun has imported OMNI® into the United States. 

15. On information and belief, B.Braun has used OMNI® in the United States. 

THE PATENTS-IN-SUIT 

16. U.S. Patent No. 6,887,214 (“‘214 Patent”), titled “Blood pump having a 

disposable blood passage cartridge with integrated pressure sensors,” was issued by the United 

States Patent and Trademark Office (“USPTO”) on May 3, 2005.  Gambro Lundia AB is the 

lawful owner by assignment of the ‘214 Patent.  Baxter Healthcare Corporation holds an implied 

exclusive license to the ‘214 Patent.  Collectively, Baxter holds all right, title and interest in the 

‘214 Patent, including the right to sue for patent infringement and damages, including past 

damages.  A true and correct copy of the ‘214 Patent is attached hereto as Exhibit A.  

17. U.S. Patent No. 7,232,418 (“‘418 Patent”), titled “Support element, an integrated 

module for extracorporeal blood treatment comprising the support element, an apparatus for 

extracorporeal blood treatment equipped with the integrated module, and an assembly process 

for an integrated module for extracorporeal blood treatment,” was issued by the USPTO on June 

19, 2007.  Gambro Lundia AB is the lawful owner by assignment of the ‘418 Patent.  Baxter 

Healthcare Corporation holds an implied exclusive license to the ‘418 Patent.  Collectively, 

Baxter holds all right, title and interest in the ‘418 Patent, including the right to sue for patent 
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infringement and damages, including past damages.    A true and correct copy of the ‘418 Patent 

is attached hereto as Exhibit B. 

18. U.S. Patent No. 7,314,554 (“‘554 Patent”), titled “Extracorporeal blood treatment 

machine,” was issued by the USPTO on January 1, 2008.  Gambro Lundia AB is the lawful 

owner by assignment of the ‘554 Patent.  Baxter Healthcare Corporation holds an implied 

exclusive license to the ‘554 Patent.  Collectively, Baxter holds all right, title and interest in the 

‘554 Patent, including the right to sue for patent infringement and damages, including past 

damages.  A true and correct copy of the ‘554 Patent is attached hereto as Exhibit C. 

19. U.S. Patent No. 7,727,391 (“‘391 Patent”), titled “Extracorporeal blood treatment 

machine,” was issued by the USPTO on June 1, 2010.  Gambro Lundia AB is the lawful owner 

by assignment of the ‘391 Patent.  Baxter Healthcare Corporation holds an implied exclusive 

license to the ‘391 Patent.  Collectively, Baxter holds all right, title and interest in the ‘391 

Patent, including the right to sue for patent infringement and damages, including past damages.  

A true and correct copy of the ‘391 Patent is attached hereto as Exhibit D. 

20. U.S. Patent No. 7,867,393 (“‘393 Patent”), titled “Integrated module for blood 

treatment,” was issued by the USPTO on January 11, 2011.  Gambro Lundia AB is the lawful 

owner by assignment of the ‘393 Patent.  Baxter Healthcare Corporation holds an implied 

exclusive license to the ‘393 Patent.  Collectively, Baxter holds all right, title and interest in the 

‘393 Patent, including the right to sue for patent infringement and damages, including past 

damages.  A true and correct copy of the ‘393 Patent is attached hereto as Exhibit E. 

21. U.S. Patent No. 8,267,308 (“‘308 Patent”), titled “Fluid processing medical 

apparatus and method for setting-up a fluid processing medical apparatus,” was issued by the 

USPTO on September 18, 2012.  Gambro Lundia AB is the lawful owner by assignment of the 
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‘308 Patent.  Baxter Healthcare Corporation holds an implied exclusive license to the ‘308 

Patent.  Collectively, Baxter holds all right, title and interest in the ‘308 Patent, including the 

right to sue for patent infringement and damages, including past damages.  A true and correct 

copy of the ‘308 Patent is attached hereto as Exhibit F. 

22. U.S. Patent No. 8,459,543 (“‘543 Patent”), titled “Fluid processing medical 

apparatus and method for setting-up a fluid processing medical apparatus,” was issued by the 

USPTO on June 11, 2013.  Gambro Lundia AB is the lawful owner by assignment of the ‘543 

Patent.  Baxter Healthcare Corporation holds an implied exclusive license to the ‘543 Patent.  

Collectively, Baxter holds all right, title and interest in the ‘543 Patent, including the right to sue 

for patent infringement and damages, including past damages.  A true and correct copy of the 

‘543 Patent is attached hereto as Exhibit G. 

FACTUAL BACKGROUND 

23. Acute kidney injury (“AKI”) is an abrupt or rapid decline in renal filtration 

function.  It can range from minor loss of kidney function to complete kidney failure.  Unlike 

chronic kidney disease, which occurs slowly over time, AKI often occurs in hospitalized patients 

treated in an intensive care environment, and it typically occurs over a few hours to a few days. 

24. AKI generally occurs because of decreased kidney blood flow (kidney ischemia) 

which causes damage to the kidney tissue.  Kidney ischemia can result from low blood pressure, 

exposure to substances harmful to the kidney, an inflammatory process in the kidney, or an 

obstruction of the urinary tract that impedes the flow of urine.   

25. AKI causes a build-up of waste products in the blood and makes it hard for the 

kidneys to keep the right balance of fluid in the body.  Without quick treatment, abnormal levels 

of salts and chemicals can build up in the body, which affects the ability of other body organs to 
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work properly.  If the kidneys shut down completely, this may require temporary support from a 

dialysis machine, and may lead to death. 

26. AKI may lead to a number of complications, including metabolic acidosis, high 

potassium levels, uremia, changes in body fluid balance, effects on other organ systems, and 

death.  People who have experienced AKI may have an increased risk of chronic kidney disease 

in the future. 

27. AKI is diagnosed on the basis of characteristic laboratory findings, such as 

elevated blood urea nitrogen and creatinine, or inability of the kidneys to produce sufficient 

amounts of urine.  Management includes treatment of the underlying cause and supportive care, 

such as renal replacement therapy. 

28. Acute renal therapy is a term that covers multiple therapy types.   

29. The goals of acute renal treatments are the removal of waste products, restoration 

of acid-base balance, correction of electrolyte imbalances (e.g., hyperkalemia), patient fluid 

balance, nutritional support, and other conditions in which fluid removal is needed. 

30. Two of the most common types of acute renal therapy are (1) continuous renal 

replacement therapy (“CRRT”) and (2) therapeutic plasma exchange (“TPE”).   

31. CRRT is a dialysis modality used to treat critically ill, hospitalized patients in the 

intensive care unit who develop AKI.  CRRT is a slow form of hemodialysis where the patient’s 

blood is removed and pumped through a hemofilter, which resembles a dialyzer. 

32. TPE is a treatment that removes plasma from the blood.  The removed plasma is 

then replaced with a substitute. 

Baxter’s CRRT Solution  

33. Baxter is a leading manufacturer of products for CRRT. 
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34. Baxter’s PRISMAFLEX® System is a flexible, filter-based solution that meets the 

demands of multiple therapies with a versatile platform that can be customized to specific patient 

needs.   

35. The PRISMAFLEX® System pumps blood from the patient through a filter and 

back into the patient’s circulatory system.  As the blood passes through the filter, the desired 

treatment processes take place.  Depending on the therapy, the processes can include fluid 

removal, hemofiltration or plasma exchange. 

36. The PRISMAFLEX® System delivers slow, continuous 24-hour treatment for, 

among other things, metabolic control; fluid removal; acid/base control; and electrolyte balance. 

37. The PRISMAFLEX® System offers four CRRT options:  Continuous Veno-

Venous Hemodiafiltration (“CVVHDF”); Continuous Veno-Venous Hemodialysis (“CVVHD”); 

Continuous Veno-Venous Hemofiltration (“CVVH”); and Slow Continuous Ultrafiltration 

(“SCUF”). 

38. The PRISMAFLEX® System also can be used for TPE without additional 

equipment.  During TPE, plasma is removed and pumped through the large-pore membrane of 

the plasma filter, while a colloid solution, such as albumin and/or plasma, or a combination of 

crystalloid/colloid solution is infused post-plasma filter to replace the removed plasma. 

39. The PRISMAFLEX® System provides automated and integrated anticoagulation 

options through the fifth fluid pump (pre-blood pump) and syringe pump. 

40. The PRISMAFLEX® System eliminates the need for manual dose programming 

of ancillary pumps outside the system.  The PRISMAFLEX® System also allows for easier dose 

tracking. 
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41. The PRISMAFLEX® System features a highly accurate, scale-based fluid 

management system and provides fluid removal accuracy through algorithms and self-calibrating 

fluid scales. 

42. The PRISMAFLEX® System monitors accumulated fluid balance/imbalance and 

adjusts accordingly to help reduce risk of patient injury. 

43. PrisMAX® is Baxter’s next generation CRRT platform.  Baxter’s 510(k) to 

market PrisMAX® was approved by the FDA on May 3, 2017.   

44. Baxter Healthcare Corporation has an implied exclusive sublicense under the 

Patents-in-Suit to distribute the PRISMAFLEX® and PrisMAX® systems in the United States. 

B.Braun’s Infringing Products 

45. The B.Braun Avitum Division handles products and services related to 

extracorporeal blood treatment, including those relating to acute blood purification. 

46. B.Braun currently offers two machines for CRRT:  OMNI® and Diapact® CRRT. 

47. B.Braun imported into the United States at least one OMNI® device manufactured 

in Germany, which was then displayed in operation, showing the use thereof, at the American 

Society of Nephrology Kidney Week trade show on November 3, 2017, in New Orleans, 

Louisiana. 

48. OMNI® has a full spectrum of therapy, dilution and anticoagulation modes. 
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(OMNI: The Reinvention of Acute Blood Purification, B.Braun, available at 

https://www.bbraun.com/content/dam/catalog/bbraun/bbraunProductCatalog/S/AEM2015/en-

01/b3/omni.pdf.bb-.19724193/omni.pdf (last visited 1/10/2018) (“OMNI® Brochure”) at 5). 

49. OMNI® can perform four CRRT options:  CVVHDF, CVVHD, CVVH, and 

SCUF.  (Id.). 

50. OMNI® can also perform TPE.  (Id.). 

51. OMNI® includes a fully preconnected OMNIset®.  (Id.). 

52. OMNIset® can be scanned by the barcode scanner; snapped into OMNI®; and 

then loaded and primed automatically: 
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(Id.). 

53. OMNI® also includes a fully, preconnected OMNIfilter®.  (Id.). 

54. OMNIfilter® is designed to reduce setup, loading and priming workloads: 
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(Id.). 

55. OMNI® includes a 12” touchscreen that provides a user interface.  (Id. at 6). 

56. OMNI® sounds audible alarms that help the user safely follow treatment, change 

the bag, or troubleshoot.  (Id.). 

57. OMNI® can communicate with the ICU’s patient monitoring system to enable 

rapid response if any alarms occur: 
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(Id.). 

58. OMNI® includes a barcode scanner.  (Id. at 8). 

59. The OMNI® barcode scanner is designed for use when setting up and replacing 

the filters to ensure that setup errors are avoided and expired filters are not introduced into the 

system: 

 

(Id.). 
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COUNT I 
INFRINGEMENT OF THE ‘214 PATENT 

60. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

61. The ‘214 Patent is directed to an “integrated disposable cartridge for dialysis or 

ultrafiltration treatment of blood . . . that includes integral miniature pressure sensors.”  (Ex. A, 

‘214 Patent at Abstract).  The integrated disposable cartridge contains a blood cartridge housing 

and a separate filtrate cartridge housing where the blood filter is integrated with the blood path 

tubing to and from the patient.  (Id. at 5:4–5). 

62. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 25 of the ‘214 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   

63. For example, B.Braun has infringed claim 25 of the ‘214 Patent, which recites as 

follows: 

25. A disposable extracorporeal blood circuit for processing blood from a 
mammal and attachable to a blood treatment device having a blood pump and a 
filtrate pump, said blood circuit comprising: 

a blood passage having a blood withdrawal port connectable to a 
vascular system of the mammal, a blood return port connectable to the 
vascular system, and a blood passage between the withdrawal port and the 
return port through which blood flows wherein the blood passage has a 
smooth and continuous wall throughout the passage; 

a blood filter having a blood inlet and a blood outlet coupled to 
said blood passage such that the blood flows through said filter, and said 
filter further comprising a filtrate output coupled to a filtrate line, 

a first cartridge housing to which is attached a blood loop of the 
blood passage and the pressure sensor, wherein the blood passage is 
mounted to an inside surface of the first cartridge housing such that the 
blood loop extends outwardly of the cartridge housing, and said first 
cartridge housing is detachably mountable to the blood treatment device to 
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engage the blood loop to the blood pump when the first cartridge housing 
is mounted on the device, and 

a second cartridge housing to which is attached a filtrate loop of 
the filtrate line, wherein the filtrate line is mounted to an inside surface of 
the second cartridge housing such that said filtrate loop extends outwardly 
of the second cartridge housing, said second cartridge housing is distinct 
and separate from the first cartridge housing, and said second cartridge 
housing is detachably mountable to the device to engage the filtrate loop 
to the filtrate pump of the blood treatment device. 

64. As shown in the image below, OMNI® includes a first cartridge housing attached 

to a blood loop of the blood passage and a second cartridge housing attached to a filtrate loop of 

the filtrate line that extends outwardly from the housing: 

 

(OMNI® Brochure at 5 (annotated)). 

Second Cartridge Housing 

First Cartridge Housing 
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65. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘214 Patent in violation of 35 U.S.C. § 271(a). 

66. B.Braun’s infringement of the ‘214 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 

67. B.Braun’s infringement of the ‘214 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

68. B.Braun’s infringement of the ‘214 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion the  magnitude and 

adverse effects of which cannot be adequately compensated by money damages. 

69. B.Braun’s infringement of the ‘214 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT II 
INFRINGEMENT OF THE ‘418 PATENT 

70. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

71. The ‘418 Patent is directed to an “integrated module for extracorporeal blood 

treatment [that] has a flat-shaped support element which exhibits on an internal face thereof a 

complex of fluid distribution lines and on an external face thereof a high-flow dialyzer.”  (Ex. B, 

‘418 Patent at Abstract).  The support element simplifies the “operations for assembly of the 

integrated module, reduces the scope for error in positioning the distribution lines on the support 

element, improves precision in the couplings between the U-segments of the distribution lines 
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and the peristaltic pumps of the blood treatment apparatus, enables, after use, a simple and 

practical separation of the support element from the fluid distribution lines, reduces assembly 

costs and times of the integrated module.”  (Id. at 2:56–64). 

72. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘418 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   

73. For example, B.Braun has infringed claim 1 of the ‘418 Patent, which recites as 

follows: 

1. A support element for an integrated module for extracorporeal blood 
treatment, comprising: 

a base body: 

at least one fixture seating located on the base body, said at least 
one fixture seating being axially extended and configured to house an 
axially extended tract of a fluid distribution line; 

an axial locator arranged in said seating fixture, said axial locator 
being configured to position said axially extended tract of a fluid 
distribution line in a fixed position, said axial locator being further 
configured to interact with a corresponding element predisposed on said 
axially extended tract of a fluid distribution line, said at least one axial 
locator having an undercut surface, said undercut surface being positioned 
in an axial direction of the axially extended tract of a fluid distribution 
line. 

74. As shown in the image below, the OMNI® cassette comes equipped with features 

allowing the tubing to be held axially in place with a fixture seating that has an undercut surface: 
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(OMNI® Brochure at 5 (annotated)). 

75. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘418 Patent in violation of 35 U.S.C. § 271(a). 

76. B.Braun’s infringement of the ‘418 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 

77. B.Braun’s infringement of the ‘418 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

78. B.Braun’s infringement of the ‘418 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

Undercut surface 

Axial locator 
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79. B.Braun’s infringement of the ‘418 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT III 
INFRINGEMENT OF THE ‘554 PATENT 

80. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

81. The ‘554 Patent is directed to “an extracorporeal blood treatment machine.”  (Ex. 

C, ‘590 Patent at Abstract).  The blood circuit is equipped with an inlet line leading to a filtration 

unit and with an outlet line from the filtration unit.  (Id.).  The fluid circuit has an inlet line 

leading to the filtration unit and an outlet line from the filtration unit so the fluid taken from the 

primary container can circulate within the filtration unit.  (Id.).  There is also an infusion line at 

the outlet line of the blood circuit.  (Id.).  The inlet line of the fluid circuit has an infusion branch 

at the outlet line of the blood circuit. (Id.).   

82. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘554 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   

83. For example, B.Braun has infringed claim 1 of the ‘554 Patent, which recites as 

follows: 

1. An extracorporeal blood treatment machine comprising: 

at least one filtration unit; 

a blood circuit having an inlet line leading to the filtration unit and 
an outlet line from the filtration unit; 
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a fluid circuit having at least one inlet line leading to the filtration 
unit and one outlet line from the filtration unit; 

at least one infusion line comprising at least a pre-infusion branch 
connected to the inlet line of the blood circuit and a post-infusion branch 
connected to the outlet line of the blood circuit; 

an auxiliary pre-infusion line connected to the inlet line of the 
blood circuit 

at least one primary fluid container connected so as to supply the 
inlet line of the fluid circuit; 

at least a secondary fluid container for supplying said auxiliary 
pre-infusion line; 

at least one auxiliary fluid container for supplying said at least one 
infusion line, 

wherein the inlet line of the fluid circuit comprises an intake 
branch leading to the filtration unit and at least one infusion branch 
connected to the outlet line of the blood circuit, wherein said at least one 
infusion branch of the fluid circuit line has at least a length which is 
separate from said post-infusion branch of the at least one infusion line; 

said fluid circuit further comprising selecting means for 
determining percentages of a flow of a fluid within said length of the 
infusion branch and the intake branch, 

said at least one infusion line further comprising other selecting 
means for determining the percentage of flow within the post-infusion 
branch and the pre-infusion branch. 

84. As shown in the image below, the OMNI® cassette has a blood circuit with an 

inlet/outlet line leading to/from a filtration unit; a fluid circuit with an inlet/outlet line leading 

to/from a filtration unit: 

Case 5:18-cv-00163-JLS   Document 1   Filed 01/12/18   Page 19 of 186



20 

 

(OMNI® Brochure at 5 (annotated)).   

85. OMNI® also has an infusion line off the fluid circuit that has a pre-infusion line 

that is connected to the inlet line of the blood circuit. 

86. OMNI® also has an infusion line off the fluid circuit that has a post-infusion 

branch connected to the outlet line of the blood circuit 

87. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘554 Patent in violation of 35 U.S.C. § 271(a). 

88. B.Braun’s infringement of the ‘554 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 

Blood circuit 

Blood Inlet Line 

Filtration Unit 

Blood Outlet Line 

Fluid circuit 

Fluid Inlet Line 

Fluid Outlet Line 
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89. B.Braun’s infringement of the ‘554 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

90. B.Braun’s infringement of the ‘554 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

91. B.Braun’s infringement of the ‘554 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT IV 
INFRINGEMENT OF THE ‘391 PATENT 

92. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

93. The ‘391 Patent is directed to “an extracorporeal blood treatment machine.”  (Ex. 

D, ‘391 Patent at Abstract).  The blood circuit is equipped with an inlet line leading to a filtration 

unit and with an outlet line from the filtration unit.  (Id.).  The fluid circuit has an inlet line 

leading to the filtration unit and an outlet line from the filtration unit so the fluid taken from the 

primary container can circulate within the filtration unit.  (Id.).  There is also an infusion line at 

the outlet line of the blood circuit.  (Id.).  The inlet line of the fluid circuit has an infusion branch 

at the outlet line of the blood circuit. (Id.).   

94. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘391 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   
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95. For example, B.Braun has infringed claim 1 of the ‘391 Patent, which recites as 

follows: 

1. An integrated module for blood treatment, comprising: 

a support element; 

at least one filtration unit engaged to the support element; and 

a fluid distribution circuitry associated to the support element and 
cooperating with the filtration unit, said fluid distribution circuitry 
including: 

a plurality of tubes; 

a blood circuit having at least an inlet line connected to the 
filtration unit, and an outlet line connected to said filtration unit; 

a fluid circuit having at least an inlet line connected to the filtration 
unit, and an outlet line connected to the filtration unit, the inlet line of the 
fluid circuit being designed to be connected to at least a primary fluid 
container; and 

at least an infusion line acting on the outlet line of the blood 
circuit, said infusion line being designed to be supplied by at least an 
auxiliary fluid container, and the infusion line being fastened to the 
support element so as to define at least a U-arranged tube length with 
respect to said support element, at least an outlet length of the infusion line 
having a branching splitting up into pre-infusion branch conveying fluid to 
the inlet line of the blood circuit, and into post-infusion branch conveying 
fluid to the outlet line of the blood circuit; 

wherein the inlet line of the fluid circuit comprises at least an 
infusion branch connected to the outlet line of the blood circuit, the inlet 
line of the fluid circuit being fastened to the support element so as to 
define at least a U-arranged tube length with respect to said support 
element, at least an outlet length of the inlet line of the fluid circuit having 
a branching splitting up into intake branch conveying the fluid to the 
filtration unit, and into the infusion branch, separate from the post-infusion 
branch of the infusion line, conveying the fluid to a blood circuit. 

96. As shown in the image below, the OMNI® cassette has an integrated blood 

module with a support element, where the filtration unit is engaged to the support unit; a fluid 
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circuit with an inlet/outlet line leading to/from a filtration unit; and a blood circuit with an 

inlet/outlet line leading to/from a filtration unit: 

 

(OMNI® Brochure at 5 (annotated)).   

97. OMNI® also has an infusion line off the fluid circuit that is connected to the outlet 

of the blood circuit. 

98. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘391 Patent in violation of 35 U.S.C. § 271(a). 

99. B.Braun’s infringement of the ‘554 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 
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100. B.Braun’s infringement of the ‘391 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

101. B.Braun’s infringement of the ‘391 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

102. B.Braun’s infringement of the ‘391 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT V 
INFRINGEMENT OF THE ‘393 PATENT 

103. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

104. The ‘393 Patent is directed to a “support element [] with a plurality of connectors 

[] which receive corresponding counter-connectors of a blood treatment device.”  (Ex. E, ‘393 

Patent at Abstract).  The support element will easily connect with the blood treatment device.  

(Id. at 2:45–50). 

105. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘393 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   

106. For example, B.Braun has infringed claim 1 of the ‘393 Patent, which recites as 

follows: 
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1. An integrated module for fluid treatment, comprising: 

a support element having: 

a base body; 

at least a first and at a least a second connector associated with the 
base body and distanced one from another; 

at least an intermediate connector interposed between said first and 
second connectors, distanced from said first connector and from said 
second connector and directly constrained to the base body, said first, 
second, and intermediate connectors defining pairs of connectors having 
differentiated interaxes there-between for engaging to corresponding pairs 
of counter-connectors associated with various blood treatment devices 
which are mountable on the support element; 

at least one blood treatment device engaged on the support element 
and having: 

a containment body presenting a main development axis 
and including a lateral surface and first and second end surfaces; 

at least one semi-permeable membrane operating internally 
of the containment body and defining a first chamber and a second 
chamber; 

a first counter-connector and a second counter-connector, 
both emerging from the lateral surface of the containment body 
and being fixed to a pair of connectors selected from the first, 
second, and intermediate connectors associated with the base body, 
at least one of the first counter-connector and the second counter-
connector being placed in fluid communication with the second 
chamber of the blood treatment device and with respective first end 
portions of said pair of connectors, wherein the intermediate 
connector is not connected to a counter-connector of the blood 
treatment device; 

at least one inlet port to the first chamber associated with 
the first end surface and emerging axially along the development 
axis; and 

at least one outlet port from the first chamber associated 
with the second end surface and emerging axially along the 
development axis; 

a fluid distribution circuitry associated with the support element 
and cooperating with the blood treatment device, each of said pair of 
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connectors presenting a fluid passage having a first end portion in fluid 
communication with a corresponding channel in a respective counter-
connector on the blood treatment device and a second end portion in fluid 
communication with the fluid distribution circuitry the fluid distribution 
circuitry presenting at least one blood line having a blood withdrawal 
branch placed in fluid communication with the inlet port of the first 
chamber and emerging axially from the first end surface along the 
development axis and at least one blood return branch placed in fluid 
communication with the outlet port of the first chamber and emerging 
axially from the second end surface along the development axis. 

107. As shown in the image below, OMNI® includes three ports on its cassette which 

are each compatible to connect with a dialyzer male luer lock:   

 

(OMNI® Brochure at 5 (annotated)). 

108. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘393 Patent in violation of 35 U.S.C. § 271(a). 

A first connector 

An intermediate    
connector 

A second connector 
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109. B.Braun’s infringement of the ‘393 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 

110. B.Braun’s infringement of the ‘393 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

111. B.Braun’s infringement of the ‘393 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

112. B.Braun’s infringement of the ‘393 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT VI 
INFRINGEMENT OF THE ‘308 PATENT 

113. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

114. The ‘308 Patent is directed to “a method for setting up a fluid treatment apparatus 

using a single, and always accessible, reader of information relating to replaceable components 

which are to be mounted on the apparatus to perform the fluid treatment.”  (Ex. F, ‘308 Patent at 

Abstract).  The reader is used to ensure proper machine setup and data entry of information when 

replaceable components are used.  (Id. at 3:53–56). 

115. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘308 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   
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116. For example, B.Braun has infringed claim 1 of the ‘308 Patent, which recites as 

follows: 

1. Method for setting-up a fluid processing medical apparatus, the 
apparatus being of the type comprising: 

a support structure for receiving a plurality of replaceable 
components of different categories in correspondence of respective 
operating areas of said apparatus, 

at least a user interface for enabling setting of a plurality of 
parameters pertinent to operation of said apparatus or pertinent to a 
process to be performed by said apparatus, the user interface including at 
least a screen, 

the method comprising the following steps: 

providing a reader having a reading portion for reading 
information concerning the components, the reading portion being 
distinct and spaced from said operating areas and accessible for 
reading the information irrespective of the components being 
engaged or not with apparatus, 

reading the information of a new component to be installed 
on the apparatus by relatively approaching the reading portion to a 
carrier of said new component information, 

coupling the new component with the apparatus in 
correspondence of a respective of said operating areas, the 
component when coupled leaving the reading portion accessible 
for reading the information, 

the method further comprising the steps of: 

selecting a desired treatment procedure, 

checking if the new component fits with the selected 
treatment procedure, 

signaling if the new component does not fit with the 
selected treatment procedure. 

117. OMNI® has a barcode scanner for use when setting up the filters. 

118. The OMNI® barcode scanner ensures that setup errors are avoided and expired 

filters are not introduced into the system: 
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(OMNI® Brochure at 8). 

119. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘308 Patent in violation of 35 U.S.C. § 271(a). 

120. B.Braun’s infringement of the ‘308 Patent will cause one or more of Plaintiffs 

Baxter Healthcare Corporation and Gambro Lundia AB to suffer substantial and irreparable 

harm. 

121. B.Braun’s infringement of the ‘308 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

122. B.Braun’s infringement of the ‘308 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

123. B.Braun’s infringement of the ‘308 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 
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B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

COUNT VII 
INFRINGEMENT OF THE ‘543 PATENT 

124. Baxter incorporates by reference the allegations in Paragraphs 1 through 59 

above. 

125. The ‘543 Patent is directed to “a method for setting up a fluid treatment apparatus 

using a single, and always accessible, reader of information relating to replaceable components 

which are to be mounted on the apparatus to perform the fluid treatment.”  (Ex. G, ‘543 Patent at 

Abstract).  The reader is used to ensure proper machine setup and data entry of information when 

replaceable components are used.  (Id. at 3:53–56). 

126. B.Braun has directly infringed, induced others to infringe, and/or contributorily 

infringed at least claim 1 of the ‘543 Patent, either literally or under the doctrine of equivalents, 

by using and/or importing OMNI® in the United States.   

127. For example, B.Braun has infringed claim 1 of the ‘543 Patent, which recites as 

follows: 

1. Method for setting-up an extracorporeal blood treatment apparatus, the 
apparatus being of the type comprising: 

a support structure for receiving a plurality of replaceable 
components of different categories in correspondence of respective 
operating areas of said apparatus, said components comprising a plurality 
of components of different categories, each component of a same category 
having respective mechanical connection to a corresponding operating 
area on the apparatus, different from that of components of other 
categories, and 

wherein said apparatus includes a plurality of different types of 
engaging means, each type of engaging means being designed for 
mechanically engaging, in a respective operating area, a component of one 
corresponding category only, 
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at least a user interface for enabling setting of a plurality of 
parameters pertinent to operation of said apparatus or pertinent to a 
process to be performed by said apparatus, the user interface including at 
least a screen, 

the method comprising the following steps: 

providing a reader having a reading portion for reading 
information concerning the components, the reading portion being 
distinct and spaced from said operating areas and accessible for 
reading the information irrespective of the components being 
engaged or not with apparatus, 

reading the information of a new component to be installed 
on the apparatus by relatively approaching the reading portion to a 
carrier of said new component information, 

coupling the new component with the apparatus in 
correspondence of a respective of said operating areas, the 
component when coupled leaving the reading portion accessible 
for reading the information. 

128. OMNI® has a barcode scanner for use when setting up the filters. 

129. The OMNI® barcode scanner ensures that setup errors are avoided and expired 

filters are not introduced into the system: 

 

(OMNI® Brochure at 8). 
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130. In view of the foregoing, B.Braun’s use and/or importation of OMNI® has directly 

infringed the ‘543 Patent in violation of 35 U.S.C. § 271(a). 

131. B.Braun’s infringement of the ‘543 Patent will cause Baxter Healthcare 

Corporation and Gambro Lundia AB to suffer substantial and irreparable harm. 

132. B.Braun’s infringement of the ‘543 Patent will result in loss of market leadership 

and loss of market share for Baxter’s PRISMAFLEX® System and PrisMAX®.  Such losses 

cannot be adequately compensated by money damages. 

133. B.Braun’s infringement of the ‘543 Patent will expose Baxter to loss of pricing 

discretion for the PRISMAFLEX® System and PrisMAX® and price erosion whose magnitude 

and adverse effects cannot be adequately compensated by money damages. 

134. B.Braun’s infringement of the ‘543 Patent will disrupt Baxter’s customer 

relationships.  Such disruption will result in the formation of customer relationships between 

B.Braun and Baxter’s existing customers, the adverse effects of which cannot be adequately 

compensated by money damages. 

CONCLUSION AND PRAYER FOR RELIEF 

WHEREFORE, Baxter respectfully requests that: 

A. The Court find that B.Braun has directly infringed, induced others to infringe, 

and/or contributorily infringed the Patents-in-Suit and hold B.Braun liable for 

such infringement; 

B. The Court issue an order pursuant to 35 U.S.C. § 283 permanently enjoining 

B.Braun, and anyone acting or participating by, through or in concert with 

B.Braun, from infringing, contributing to, and/or inducing infringement of 

Patents-in-Suit; 
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C. The Court declare that this is an exceptional case entitling Baxter to its reasonable 

attorneys’ fees under 35 U.S.C. § 285; 

D. The Court award Baxter its costs and reasonable attorneys’ fees; and  

E. The Court award such other relief as the court may deem just and proper. 

 
Dated: January 11, 2018    K&L GATES LLP 
 

              
David R. Fine (Pa. ID 66742) 
K&L GATES LLP 
17 North Second Street, 18th Floor 
Harrisburg, PA 17101 
Telephone: (717) 231-4500 
david.fine@klgates.com 
 
George C. Summerfield (Pro Hac Vice to be 
filed)  
Benjamin E. Weed (Pro Hac Vice to be 
filed) 
Devon C. Beane (Pro Hac Vice to be filed) 
Katherine L. Hoffee (Pro Hac Vice to be 
filed) 
K&L Gates LLP 
70 West Madison Street, Suite 3300 
Chicago, Illinois 60602 
Telephone: (312) 372-1121 
george.summerfield@klgates.com 
benjamin.weed@klgates.com 
devon.beane@klgates.com 
katy.hoffee@klgates.com 
 
Attorneys for Plaintiffs Baxter Healthcare 
Corporation and Gambro Lundia AB 
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EXTRACORPOREAL BLOOD TREATMENT 
MACHINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority of Italian Patent 
Application No. MI2003 A 000212, ?led on Feb. 7, 2003, 
and the bene?t of US. Provisional Application No. 60/469, 
839, ?led May, 13, 2003, the contents of Which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to an extracorporeal blood 
treatment machine and to an integrated treatment module 
that can be used on said machine. 

The object of the invention can be used for instance in 
intensive therapy machines Which can carry out a plurality 
of di?‘erent blood treatments. 

Extracorporeal treatments generally consists in taking 
blood from the patient, in treating said blood When it is 
outside the patient’s body and then in re-circulating the 
blood thus treated. 

The treatment typically consists in removing from the 
blood unWanted and/or dangerous substances, as Well as 
excess liquid in patients Who cannot autonomously carry out 
said operations, such as for instances patients su?‘ering from 
temporary or permanent kidney problems. 

For instance, it may be necessary to add or remove 
substances from blood, to keep a correct acid/base ratio or 
also to remove ?uid excess from the body. 

The extracorporeal treatment is generally obtained by 
removing blood from the patient, by letting the blood ?oW 
Within a ?ltration unit Where a semipermeable membrane 
ensures the exchange of suitable substances, molecules and 
?uids. 

Generally though not necessarily, said exchange is carried 
out by letting a given biological ?uid ensuring the aforesaid 
exchanges pass in counter-current and Within a secondary 
chamber of the ?ltration unit. 

It should be noted that currently used machines can enable 
di?‘erent types of blood treatment. 

In the ultra?ltration treatment the substances and ?uids to 
be eliminated are removed by convection from the blood, 
pass through the semipermeable membrane and are led 
toWards the aforesaid secondary chamber. 

In hemo?ltration treatments part of the molecules, sub 
stances and ?uids present in the blood pass through the 
membrane by convection as in the ultra?ltration treatment, 
although further necessary elements are added to the blood; 
typically a suitable ?uid is infused directly into the blood 
before or after the latter passes through the ?ltration unit and 
anyhoW before it is carried back into the patient. 

In haemodialysis treatments a ?uid containing material to 
be transferred into the blood is introduced into the secondary 
chamber of the ?ltration unit. The unWanted material ?oWs 
through the semipermeable membrane from the blood into 
the secondary ?uid and the desired substances/molecules 
from the secondary ?uid can pass through the membrane as 
far as the blood. 

In hemodia?ltration treatments the blood and the second 
ary ?uid exchange their respective substances/molecules as 
in haemodialysis and, in addition, a ?uid is infused into the 
blood as in haemo?ltration treatments. 

Obviously, in order to carry out each of said extracorpo 
real blood treatments, the blood has to be removed from a 
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2 
patient’s vein or artery, suitably circulated in the machine 
and then re-introduced into the patient. 
As is also knoWn, blood treatment machines for intensive 

therapy have to be ready as fast as possible for an immediate 
use for any possible emergency. 

Obviously, to this purpose the machine must not require 
either preliminary sanitiZing operations or long pre-assem 
bling operations of the various components for the various 
therapies. 
As is knoWn, intensive therapy machines are present on 

the market and are currently used, in Which a blood circuit 
comprises a line for taking blood from the patient, Which 
carries said blood to a ?ltration cartridge, and an outlet line 
from the ?ltration cartridge, Which carries the treated blood 
back into the patient’s body. 
The machine is then equipped With a circuit for the 

passage of dialysis ?uid; also said circuit has an intake line 
leading into the ?ltration unit, Which is supplied by a sterile 
bag containing the dialysis liquid, and has also an outlet line 
enabling the passage of a ?uid Which has received by 
convection/diffusion the dangerous substances and mol 
ecules from the blood toWards a collection bag for their 
subsequent removal. 

Said machine is further equipped With an infusion line 
alloWing With suitable dosesito transfer directly into the 
blood upstream from the ?ltration unit the content of another 
liquid bag, thus adding the necessary products into the 
blood. 
A knoWn intensive therapy machine is further equipped 

With a suitable syringe containing for instance heparin as 
blood anticoagulant, the latter being added to the blood 
taken from the patient so as to avoid the creation of 
dangerous clots Within the circuit. 
The structure and circuitry mentioned above are generally 

de?ned by a single integrated module attached to the 
machine body. 

It is evident that in order to enable the immediate use of 
the machine, the ?uid bags referred to above have to be 
present and already sterile, so as to be directly and easily 
connected to their respective tubes, the latter also being 
sterile and disposable. 
The machine is further equipped With a suitable control 

unit managing the ?oW of ?uids by means of suitable 
peristaltic pumps and respective sensors associated to the 
circuit. 

It is evident that by suitably setting the control unit said 
machine can selectively carry out one or more of the 
extracorporeal blood treatments described above (i.e. ultra 
?ltration, haemo?ltration, haemodialysis and haemodia?l 
tration). 
The machine described above, though being today quite a 

vanguard device for extracorporeal blood treatments in 
intensive therapies, has proved to be susceptible of several 
improvements . 

In particular, a ?rst intrinsic draWback in intensive 
therapy machines is related to the limited availability of 
?uids for operations involving the exchange of substances 
by convection/diffusion Within the ?lter and for pre- or 
post-infusions into the blood line. 

Said limitation is obviously related to the necessary use of 
prepackaged sterile ?uid bags typically containing 6 kg of 
dialysis liquid. 

It is evident that the pre-established ?uid amount to be 
used imposes some limitations, in particular in the case of 
therapies With large exchange of ?uids, Which Would some 
times be extremely suitable in emergency cases. 
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On the other hand, it is not possible to use larger ?uid 
amounts in intensive therapies since suitably treated Water 
taken from the Water network cannot be used as exchange 
?uid in short times; indeed, this Would involve long opera 
tions for installing the devices for in-line preparation of 
sterile liquids; moreover, it is not possible to use bags With 
higher amounts of liquids due to the obvious problems 
involving transport and management of said containers by 
the personnel. 

Another problem of knoWn intensive therapy machines 
consists in achieving an optimal management of the admin 
istration of anticoagulant substances Which are necessary for 
a good Working of the machine. 

In particular, today knoWn intensive therapy machines 
cannot manage effectively the use of regional anticoagula 
tion methods, such as for instance citrate-based methods, 
since the use of said techniques requires the administration 
of further solutions recovering the blood ion balance before 
carrying the treated blood back into the patient’s body. 

SUMMARY OF THE INVENTION 

Under these circumstances the present invention aims at 
solving basically all the drawbacks referred to above. 
A ?rst technical aim of the invention is to provide 

physicians With the possibility to manage therapies With 
large exchange of ?uids using an intensive therapy machine 
Where, in any case, ?uids are housed in small-siZe contain 
ers. 

A further aim of the present invention is to be able to 
manage intensive therapies by using regional anticoagula 
tion techniques, i.e. acting on the blood only in the extra 
corporeal circuit, Without having to limit pre-infusion 
upstream from the ?ltration unit. 

Moreover, an aim of the present invention is to enable the 
substantial separation of the use of regional anticoagulation 
techniques from the infusion of ?uids for carrying out the 
necessary therapeutic exchange (by convection or di?‘usion). 

Finally, an auxiliary aim of the present invention is to 
provide an machine ensuring quite simple and reliable 
loading and installing operations, further enabling the com 
plete control of the therapy cycles that are carried out. 

These and other aims, Which shall be evident in the course 
of the present description, are basically achieved by an 
extracorporeal blood treatment machine as described in the 
appended claims. 

Further characteristics and advantages Will be clearer 
from the detailed description of a preferred though not 
exclusive embodiment of an extracorporeal blood treatment 
machine according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This description Will be given beloW With reference to the 
appended tables, Which are provided as a mere guidance and 
are therefore not limiting, in Which: 

FIG. 1 shoWs schematically a hydraulic circuit to be used 
in an intensive therapy machine in accordance With the 
present invention; 

FIG. 2 shoWs an integrated module comprising a support 
element and a portion of the ?uid distribution circuitry, to be 
used in intensive therapy machines in accordance With the 
present invention; and 

FIG. 3 shoWs an machine body in accordance With the 
invention. 
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4 
DETAILED DESCRIPTION 

With reference to the ?gures mentioned above, the 
numeral 1 globally refers to a machine for extracorporeal 
blood treatment, in particular for intensive therapies. 
As can be inferred from the appended table 1, the machine 

consists of a blood circuit 3, Which takes blood from a 
patient, for instance by means of a catheter introduced into 
a vein or artery of said patient, and through at least an inlet 
line 311 takes said blood, for instance continuously, to a 
?ltration unit 2. 
Then the blood passes through a primary chamber of said 

?ltration unit 2 and through an outlet line 3b the treated 
blood is carried back to the patient. 

The connection With an auxiliary pre-infusion line 18 is 
provided immediately doWnstream from the blood collect 
ing Zone on the inlet line 311. 

In particular, the machine is equipped With at least a 
secondary ?uid container or bag 20 for supplying the 
pre-infusion line 18; by using corresponding means for 
conveying ?uid, in the example shoWn comprising an aux 
iliary pre-infusion pump 19, for instance a peristaltic pump, 
it is possible to control the ?uid ?oW Within said line by 
introducing said ?uid directly into the blood by means of a 
direct connection to the inlet line 3a. 

Generally, the secondary ?uid container 20 can house a 
suitable biological ?uid for a pre-infusion, hoWever said bag 
20 can also contain an anticoagulant, generally causing a 
regional anticoagulation so as to ensure a particular Working 
of the machine as shall be explained beloW in further detail. 

After de?ning a direction of blood circulation 22 from the 
inlet line 311 toWards the ?ltration unit and from the latter 
through the outlet line 3b toWards the patient, a knoWn blood 
pressure sensor 34, Which shall not be described in further 
detail, is placed immediately doWnstream from the auxiliary 
pre-infusion line 18. 
The blood circuit 3 therefore comprises means for con 

veying ?uid, ie in this particular case at least a blood pump 
21 for controlling and managing the suitable blood ?oW in 
the circuit. Also the blood pump 21 is generally a peristaltic 
Pump 

FolloWing the direction of blood circulation 22, there is 
then a device 35 for administering an anticoagulant, for 
instance a syringe containing suitable doses of heparin. 
The blood then passes through another pressure sensor 36 

controlling the correct ?oW Within the blood circuit. 
After passing through a main chamber of the ?ltration unit 

2, Where the suitable exchanges of substances, molecules 
and ?uids occur by means of a semipermeable membrane, 
the treated blood enters the outlet line 3b ?rst passing though 
a gas separating device (generally air) 12 commonly knoWn 
as “bubble trap”, designed so as to ensure the detection and 
removal of substances or air bubbles present in the blood. 
The treated blood getting out of the separating device 12 

then passes through an air bubble sensor 37 verifying the 
absence of said dangerous formations Within the treated 
blood that has to be re-introduced in the patient’s blood 
circulation. 

Immediately doWnstream from the bubble sensor 37 there 
is an element 38 Which, in case of alarm, can block the blood 
?oW toWards the patient. 

In particular, should the bubble sensor 37 detect the 
presence of anomalies in the blood ?oW, the machine 
through the element 38 (be it a tap, a clamp or similar) Would 
be able to block immediately the passage of blood so as to 
avoid any consequence to the patient. 
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Downstream from said element 38 the treated blood is 
then carried back to the patient undergoing therapy. 

The extracorporeal blood treatment machine shoWn above 
is then equipped With a ?uid circuit 4, Which is also provided 
With at least an inlet line 411 leading into the ?ltration unit 2 
and With an outlet line 4b from the ?ltration unit. 
At least a primary ?uid container 5 is designed to supply 

the inlet line 411 of the ?uid circuit 4 (generally the primary 
?uid container 5 shall consist of a bag containing a suitable 
dialysis liquid). 

The inlet line 411 then comprises means for conveying 
?uid such as at least a pump 9 (in the embodiment shoWn a 
peristaltic pump) for controlling the ?oW of liquid from the 
bag 5 and for de?ning a direction of circulation 10. 

DoWnstream from the pump 9 in the direction of circu 
lation 10 there is a branching 17 splitting the ?uid circuit 4 
up into an intake branch 15 and an infusion branch 8. 

In particular, the infusion branch 8 is connected to the 
outlet line 3b of the blood circuit 3. 

In other Words, by means of said infusion branch 8 it is 
possible to obtain a post-infusion directly in the blood line 
using the content of the primary ?uid container 5. 

Conversely, the intake branch 15 conveys the ?uid 
directly to the ?ltration unit and in particular to a secondary 
chamber of said unit. 

The ?uid circuit 4 is further equipped With selecting 
means 16 for determining the percentages of ?uid ?oW 
Within the infusion branch 8 and the intake branch 15. 

Generally said selecting means 16, usually placed near the 
branching 17, can be positioned at least betWeen a ?rst 
operating condition in Which they alloW the passage of ?uid 
in the intake branch 15 and block the passage in the infusion 
branch 8, and a second operating condition in Which they 
alloW the passage of ?uid in the infusion branch 8 and block 
the passage in the intake branch 15. 

In other Words, said selecting means 16 can consist of a 
valve element operating on the ?uid circuit 4 by altema 
tively blocking the passage of ?uid in either branch. 

It is also evident that it might be provided for suitable 
selectors, Which are able to establish a priori the amount of 
liquid that has to pass through both branches simultaneously. 

It Will also be possible to vary the percentages of ?uid in 
either branch as a function of time and of the pre-established 
therapies. 

The dialysis liquid through the intake branch 15 gets into 
a secondary chamber of the ?ltration unit 2. 

In particular, the primary chamber through Which the 
blood ?oW passes is separated from the secondary chamber 
through Which the dialysis liquid passes by means of a 
semipermeable membrane ensuring the suitable passage of 
the dangerous substances/molecules and of ?uid from the 
blood toWards the dialysis liquid mainly by means of 
convection and dilfusion processes, and also ensuring 
through the same principles the passage of substances/ 
molecules from the dialysis liquid toWards the blood. 

The dialysis ?uid then gets into the outlet line 4b and 
passes through a suitable pressure sensor 39 Whose function 
is to control the Working of said line. 
Then there are means for conveying ?uid, for instance a 

suction pump 28 controlling the ?oW in the outlet line 4b 
Within the ?uid circuit 4. Also said pump Will generally be 
a peristaltic pump. 

The ?uid to be eliminated then passes through a blood 
detector and is conveyed into a collection container or bag 
27. 
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6 
Further analyZing the particular circuit of the machine 

according to the invention, note the presence of at least 
another infusion line 6 acting on the outlet line 3b of the 
blood circuit 3. 

In particular, the infusion ?uid is taken from at least an 
auxiliary container 7 and is sent directly to the outlet line 3b 
of the blood circuit 3 through means for conveying ?uid, 
generally an infusion pump 13 controlling its ?oW (in the 
example a peristaltic pump). 

In particular and as can be observed in the appended 
?gure, the infusion liquid can be introduced directly into the 
gas separating device 12. 
As can also be inferred, the infusion branch 8 of the ?uid 

circuit 4 and the infusion line 6 are equipped With a common 
end length 11 letting into the blood circuit 3. 

Said intake end length 11 is placed doWnstream from the 
infusion pump 13 With respect to a direction of infusion 14 
and carries the ?uid directly into the bubble trap device 12. 

Further referring to the diagram in FIG. 1, one can notice 
the presence Within the infusion line 6 of at least a pre 
infusion branch 23 connected to an inlet line 311 of the blood 
circuit 3. 

In further detail, doWnstream from the infusion pump 13 
With respect to the direction of infusion 14, there is a 
branching 26 splitting the infusion line 6 up into pre 
infusion branch 23 and post-infusion branch 24. 
The pre-infusion branch 23, in particular, carries the ?uid 

taken from the bag 7 on the inlet line 311 of the blood circuit 
doWnstream from the blood pump 21 With respect to the 
direction of circulation 22. 

Conversely, the post-infusion branch 24 is connected 
directly to the common end length 11. 
The infusion line 6 further comprises selecting means 25 

for determining the percentage of liquid ?oW to be sent to 
the post-infusion branch 24 and to the pre-infusion branch 
23. 
The selecting means 25 placed near the branching 26 can 

be positioned betWeen at least a ?rst operating condition in 
Which they alloW the passage of ?uid in the pre-infusion 
branch 23 and block the passage in the post-infusion branch 
24, and at least a second operating condition in Which they 
alloW the passage of ?uid in the post-infusion branch 24 and 
block the passage in the pre-infusion branch 23. 

Obviously, as in the case of the selecting means 16 present 
on the ?uid circuit 4, also the other selecting means 25 Will 
be able to determine the percentage of ?uid that has to pass 
in each of the tWo branches and to possibly vary it in time 
in accordance With the planned therapies. Moreover, the 
selecting means 16 and the other selecting means 25 Will 
generally though not necessarily be of the same nature. 
The machine is then equipped With means 29 for deter 

mining at least the Weight of the primary ?uid container 5 
and/or of the auxiliary ?uid container 7 and/or of the 
secondary ?uid container 20 and/or of the collection con 
tainer 27. 

In particular, said means 29 comprise Weight sensors, for 
instance respective scales 30, 31, 32 and 33 (at least an 
independent one for each ?uid bag associated to the 
machine). 

In particular, there Will be at least 4 of said scales, each 
pair being independent from the other, and each one mea 
suring the respective Weight of a bag. 

It should then be pointed out that there is a processing unit 
or CPU 40 acting on the blood circuit 3 and in particular on 
the pressure sensor 34, on the blood pump 21, on the device 
35 for heparin infusion, on the other pressure sensor 36, and 
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on the device for detecting the presence of air bubbles 37 
and on its respective closing element 38. 

Said CPU 40 has also to control the ?uid circuit 4 and, in 
particular, shall be input With the data detected by the scales 
30 and concerning the Weight of the bag 5 and shall act on 
the pump 9, on the selecting means 16, on the pressure 
sensor 39, then on the suction pump 28 and shall eventually 
receive the data detected by the scales 33 Whose function is 
to determine the Weight of the collection container 27. 

The CPU 40 shall also act on the infusion line 6 checking 
the Weight of the auxiliary container 7 (checked by the scales 
31) and Will be able to control both the infusion pump 13 and 
the other selecting means 26. 

Eventually, the CPU 40 shall also act on the auxiliary 
pre-infusion line 18 detecting the Weight of the secondary 
?uid container 20 by means of the scales 32 and suitably 
controlling the pump 19 according to the treatments to be 
carried out. 

Reminding that the above description has been made With 
the sole purpose of describing the Whole of the hydraulic 
circuit of the extracorporeal blood treatment machine, here 
is a short description of the Working of the device. 
Once the Whole hydraulic circuit and the ?ltering unit 2 

have been correctly associated to the machine so that the 
various peristaltic pumps engage the respective lengths of 
tubes and that all the sensors have been suitably positioned, 
and the various bags containing the various ?uids have been 
associated to the corresponding liquid supply/intake lines, 
and the blood circuit has been connected to a patient’s 
artery/vein, the initial circulation of blood Within its circuit 
is enabled. 

Therefore, according to the kind of therapy that has been 
set, the extracorporeal blood treatment machine is automati 
cally started and controlled by the processing unit 40. 

If the patient undergoes an ultra?ltration treatment, as 
Well as the blood pump 21 the suction pump 28 connected 
to the outlet line of the ?uid circuit 4 is started, so as to take 
by convection a ?uid excess in the patient by means of the 
?ltration unit. 

Conversely, if the therapy that has been set comprises a 
haemo?ltration treatment, as Well as the blood pump 21 and 
the suction pump 28 for taking ?uids by convection also the 
pump 9 on the inlet line of the ?uid circuit 4 and the 
selecting means 16 placed so as to enable a post-infusion are 
started. 

Also the infusion line 6 shall be used so as to enable a 
further addition of liquids to the post-infusion or to enable 
a suitable pre-infusion. 

Conversely, if the treatment involves haemodialysis, the 
pumps 9 and 28 of the ?uid circuit 4 shall be started and the 
selecting means 16 shall be positioned so as to ensure the 
passage of the dialysis liquid only toWards the ?ltration unit 
2 so as to take substances and/or molecules and/ or liquids by 
diffusion and possibly by convection if the transmembrane 
pressure through the ?ltration unit is other than Zero. 

Eventually, if a haemodia?ltration treatment has to be 
carried out, beyond the blood pump 21 the ?uid circuit and 
therefore the pumps 9 and 28 shall be started, so as to ensure 
a circulation of the liquid Within the ?ltration unit 2 and also 
the pump 14 of the infusion line 6 shall be started so as to 
ensure a pre- or post-infusion. 

It Will be possible to set up therapies comprising one or 
more of the treatments referred to above. 

In all the treatments described above, possibly except the 
ultra?ltration treatment, it Will be possible to use the aux 
iliary pre-infusion line for introducing an anticoagulant 
and/or a suitable infusion liquid into the blood. 
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8 
The anticoagulant can also be administered by means of 

the suitable device 35 designed for the introduction of 
heparin into blood. 

Concerning this it should be pointed out that the machine 
according to the invention is designed to receive various 
kinds of syringes according to the amount of anticoagulant 
to be administered. 

Obviously, it is the control unit 40 that, being connected 
to the various devices, sensors, pumps and being input With 
the data on Weight from the scales, is ableionce it is setito 
control and automate the Whole Working of the machine. 

In further detail, it is possible to set the ?oWs of the 
various pumps present on the machine in accordance With 
the therapy or therapies to be started. 

Obviously, the setting of said ?oWs results in an amount 
of ?uid taken from the patient (Weight loss), Which Will 
generally be given by the difference betWeen the Weight of 
the liquid that has been collected in the bag 27 and of the 
liquid circulated in the circuit through the primary ?uid 
container 5, the auxiliary ?uid container 7 and the secondary 
?uid container 20. 

In particular, in accordance With the data received by the 
control unit coming from the various scales (and the theo 
retical ?oW rates ?xed on each pump of therapy/treatment 
carried out) the control unit 40 shall control the means for 
circulating ?uid in the various lines by suitably varying the 
thrust exerted by the various pumps 9, 13, 19, 21 and 28. 

In particular, the signals coming from the scales referred 
to above 30, 31, 32, 33 are used by the control unit 40 for 
determining the Weight of the particular ?uid introduced into 
the line or collected. 

In order to determine the amount of ?uid released or 
collected in a particular bag or container the control unit 40 
compares at regular intervals (the greater the ?oWs the 
smaller the intervals) the actual Weight of the container With 
the desired Weight (Which is a direct function of the desired 
?oW for each pump and of the time interval betWeen each 
control step AWIQ At). 
The desired Weight can be calculated as a function of the 

required ?oW (stored in a suitable storage unit of the 
computer) and of the time elapsed from the beginning of the 
treatment. 

If the actual Weight and the desired Weight differ from 
each other, the control unit acts on the corresponding pump 
so as to reduce, and possibly cancel, said difference. In other 
Words, during each cycle not an absolute Weight variation, 
but only the variation in the time interval is taken into 
consideration to correct the latter. 
The control unit takes into consideration variations in the 

difference starting from the last comparison, so as to avoid 
oscillations of the actual ?oW around the desired ?oW. 

Reminding that the above description has been carried out 
With the sole purpose of providing a general vieW of the 
blood treatment machine and of the hydraulic circuit thereto 
associated, it should be noted that generally the Whole 
machine shall comprise a body 58 (see in particular FIG. 3) 
designed to integrate all instruments and devices to be used 
several times in different treatments on one or more patients. 

In particular, the machine body 58, beyond the Whole 
electronic control circuitry (processing unit 40, data input 
and reading display, pressure sensors 34, 36, 39, . . . ) shall 
also have on its front surface the blood pump 21, the ?uid 
pump 9, the infusion pump 13 and the auxiliary pre-infusion 
pump 19. 

Conversely, the parts of the machine that are designed to 
be used only once for each treatment on the patient, gener 
ally in the course of an intensive therapy, shall be housed in 

Case 5:18-cv-00163-JLS   Document 1   Filed 01/12/18   Page 90 of 186



US 7,314,554 B2 

a corresponding disposable integrated module 41 to be 
attached directly onto the machine body 58. 
As shoWn in FIG. 2, the integrated module 41 for blood 

treatment has a support element 42 consisting of a main 
body 52 and of a supporting structure 44 associated, for 
instance as one piece, to the main body and placed laterally 
With respect to the latter. 

Said integrated module further comprises a ?uid distri 
bution circuitry 43 (represented only partially in the 
appended FIG. 2) associated to said support element 42 and 
cooperating With the ?ltration unit 2 so as to carry out the 
hydraulic circuit previously described. 

In particular, it is possible to note hoW the main body 52 
de?nes a housing compartment designed to receive the 
respective U-arranged lengths of tubes of the circuitry, 
Which are kept in position so as to be ready to cooperate With 
the respective peristaltic pumps housed by the machine body 
58. 

As can be observed, the blood circuit 3 and in general the 
inlet line 311 of the blood circuit 3 is fastened by means of 
connectors to a side Wall of the main body 52, in the same 
Way as also the inlet line 411 of the ?uid circuit 4 and the 
outlet line 4b of the ?uid circuit 4 are secured to the main 
body 52. 

Also the infusion line 6 and the auxiliary pre-infusion line 
18 are secured to the main body 52 (see again FIG. 2). 

All the portions of lines referred to above are secured to 
the support element 42 so as to de?ne at least a correspond 
ing U-arranged length of tube With respect to said support 
element 42 and so that each of said U-lengths can cooperate 
With the corresponding peristaltic pump housed in the 
machine body. 

Going into further constructive details, it can be noted 
hoW the support structure 44 comprises a positioning ?n 45 
provided With a given number of main seats 46a, 46b, 46c, 
46d and 46e suitably placed so that respective tubes of the 
?uid distribution circuit 43 associated to the support element 
can be engaged therein. 

As can be further observed, the inlet line 411 of the ?uid 
circuit 4 is fastened to the main body 52 on the support 
structure 44. 

As a matter of fact, at least an inlet length 47 is kept in 
position by the support structure 44 by means of a main seat 
460 of the positioning ?n 45 and by a corresponding 
connector 48 de?ned on the main body. 

The outlet length 49 of the ?uid circuit 4 is engaged in its 
turn With the respective engagement connector 50 and With 
the main seat 46a of the positioning ?n 45. 
As can be noted from the arrangement shoWn, the inlet 

and outlet lengths 47 and 49 engaged to their respective 
connectors 48, 50 and With the main seats 46c and 4611 are 
placed in a substantially rectilinear arrangement and are 
parallel one to the other. 

It should then be pointed out that the outlet length 49 has 
a branching 17 splitting up into intake branch 15 designed to 
convey the ?uid to the ?ltration unit, and infusion branch 8 
designed to convey the ?uid to the blood circuit 3. 

Said branching 17 cannot be seen in FIG. 2 since it is 
de?ned by the engagement connector 50 on the opposite side 
With respect to the one shoWn in said ?gure. 

In other Words, the connector 50 has a basically T shape, 
Whose tWo outlets are connected to the intake branch 15 and 
to the infusion branch 8. 

The infusion branch 8 is further secured to an auxiliary 
seat 51 of the support structure and to another main seat 46b. 
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10 
When engaged the infusion branch 8 and the intake 

branch 15 are placed in a rectilinear arrangement and are 
parallel one to the other. 

Also the infusion line 6 is fastened to the main body 52 
on the support structure 44. 
At least an outlet length 53 of the infusion line 6 is 

engaged to a main seat 46d of the positioning ?n and to a 
respective engagement connector 54. 

Analogously to the above description, also the outlet 
length 53 of the infusion line 6 has a branching 26 splitting 
up into pre-infusion branch 23 designed to convey the ?uid 
to the inlet line 311 of the blood circuit 3, and post-infusion 
branch designed to convey the ?uid to the outlet line 3b of 
the blood circuit 3. 

Here again the branching 26 is not shoWn in FIG. 2 since 
it is de?ned by the T-shaped connector 54, one of Whose 
outlets can be seen only on the opposite side With respect to 
the one shoWn. 
The pre-infusion branch 23 is secured to an auxiliary seat 

55 of the support structure and to another main seat 46e of 
the ?n 45. 

Said arrangement enables to have pre-infusion branch 23 
and post-infusion branch 24 in rectilinear con?guration and 
parallel one to the other. 

It should noW be observed that the selecting means 16 
previously de?ned act by enabling or blocking the passage 
of ?uid in the infusion branch 8 and/or in the intake branch 
15 exactly on the rectilinear lengths de?ned on the support 
structure 44. 

In particular, said selecting means 16 can be de?ned by 
suitable cams or clamps. 
The example of embodiment shoWn provides for a mov 

ing element 56, Which as a result of its movement blocks 
either the infusion branch 8 or the intake branch 15. 

Said moving element 56 is generally mounted directly 
onto the machine body 58 and has been shoWn With a mere 
explicative purpose and With a hatched line in the appended 
FIG. 2. 
Wholly similarly, the other selecting means 25 can com 

prise a moving element 57 acting on the pre-infusion branch 
23 or on the post-infusion branch 24 for selectively blocking 
or enabling the passage of ?uid. 

Here again said moving element 57 has been shoWn by 
Way of example in FIG. 2; hoWever, it should be noted that 
generally said element is mounted directly onto the machine 
body 58. 

The invention has important advantages. 
It is obvious that the use of a hydraulic circuit enabling a 

passage of the dialysis ?uid Within the ?ltration unit or 
selectively toWards a post-infusion by using the same liquid 
coming from the primary ?uid bag 5, alloWs to manage 
therapies With a large volume of ?uids, particularly in 
intensive therapy machines Where anyhoW said ?uids are 
housed in small bags. 
As a matter of fact, it Will be possible to carry out a pre 

and/or post-infusion into the blood line using the ?uid of the 
primary container 5 and of the auxiliary container 7, thus 
carrying out for instance a more intense ultra?ltration. 

Moreover, the presence of a branching also on the infu 
sion line alloWs to manage therapies With regional antico 
agulation techniques Without limiting the possibilities of 
dialysis pre-?lter infusion in any Way. 
When regional anticoagulation techniques are used, such 

as for instances the use of citrates, it is alWays necessary, 
before carrying the treated blood back into the patient, to 
administer to the latter suitable substances (for instance 
calcium) for recovering the ion balance in the blood. 
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It is obvious that the elimination/balance of the antico 
agulant substances should be carried out downstream from 
the ?ltration unit, for instance by means of the post-infusion 
line. 

In the machine according to the invention, hoWever, in 
order to balance the ions in the returned blood it Will be 
possible to use directly the ?uid circuit by introducing a 
suitable reagent into the primary ?uid bag 5 and by using the 
inlet line 411 for carrying out the post-infusion through the 
infusion branch 8. 

The infusion line 6 shall thus enable to carry out pre 
infusions, ensuring the optimal Working of the machine also 
during this kind of treatments. 

Therefore, the particular arrangement of the pre- and 
post-infusion lines and of the dialysis lines enablesialso in 
intensive therapy machines Where all the various ?uids are 
contained in small bagsito carry out all the necessary 
therapies/treatments, thus eliminating the operational limits 
present in knoWn machines. 

The invention claimed is: 
1. An extracorporeal blood treatment machine compris 

ing: 
at least one ?ltration unit; 
a blood circuit having an inlet line leading to the ?ltration 

unit and an outlet line from the ?ltration unit; 
a ?uid circuit having at least one inlet line leading to the 

?ltration unit and one outlet line from the ?ltration unit; 
at least one infusion line comprising at least a pre-infusion 

branch connected to the inlet line of the blood circuit 
and a post-infusion branch connected to the outlet line 
of the blood circuit; 

an auxiliary pre-infusion line connected to the inlet line of 
the blood circuit 

at least one primary ?uid container connected so as to 
supply the inlet line of the ?uid circuit; 

at least a secondary ?uid container for supplying said 
auxiliary pre-infusion line; 

at least one auxiliary ?uid container for supplying said at 
least one infusion line, 

Wherein the inlet line of the ?uid circuit comprises an 
intake branch leading to the ?ltration unit and at least 
one infusion branch connected to the outlet line of the 
blood circuit, Wherein said at least one infusion branch 
of the ?uid circuit line has at least a length Which is 
separate from said post-infusion branch of the at least 
one infusion line; 

said ?uid circuit further comprising selecting means for 
determining percentages of a ?oW of a ?uid Within said 
length of the infusion branch and the intake branch, 

said at least one infusion line further comprising other 
selecting means for determining the percentage of ?oW 
Within the post-infusion branch and the pre-infusion 
branch. 

2. A machine according to claim 1, Wherein the inlet line 
of the ?uid circuit comprises means for conveying ?uid, said 
means for conveying ?uid including at least one inlet line 
pump, for controlling the ?uid ?oW. 

3. A machine according to claim 2, Wherein the infusion 
branch of the ?uid circuit is placed doWnstream from said 
inlet line pump With respect to a direction of circulation of 
the ?uid. 

4. A machine according to claim 1, Wherein the infusion 
branch of the ?uid circuit and the infusion line are equipped 
With a common end length letting into the blood circuit. 

5. A machine according to claim 4, further comprising a 
gas separating device engaged on the outlet line of the blood 
circuit. 
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6. A machine according to claim 5, Wherein the common 

end length infuses the ?uid directly into said gas separating 
device. 

7. A machine according to claim 1, further comprising 
means for conveying the ?uid, said means for conveying 
?uid including an infusion pump, for controlling the ?uid 
?oW in the infusion line. 

8. A machine according to claim 4, Wherein the common 
end length is placed doWnstream from the infusion pump 
With respect to a direction of infusion. 

9. A machine according to claim 1, Wherein the selecting 
means are placed near a branching of the ?uid circuit 
splitting into the intake branch and the infusion branch. 

10. Amachine according to claim 1, Wherein the selecting 
means is positioned at least betWeen a ?rst operation con 
dition in Which said selecting means alloW the passage of 
?uid in the intake branch and block the passage in the 
infusion branch, and a second operating condition in Which 
said selecting means alloW the passage of ?uid in the 
infusion branch and block the passage in the intake branch. 

11. A machine according to claim 1, Wherein the auxiliary 
pre-infusion line comprises means for conveying ?uid, said 
pre-infusion line including at least one auxiliary pre-infusion 
pump, for controlling the ?uid ?oW. 

12. A machine according to claim 1, Wherein the blood 
circuit comprises means for conveying ?uid, said blood 
circuit including at least one blood pump, for controlling the 
?oW of blood in the circuit. 

13. A machine according to claim 12, Wherein the auxil 
iary pre-infusion line operates upstream from the blood 
pump With respect to a direction of blood circulation. 

14. A machine according to claim 1, Wherein the second 
ary ?uid container supplying the auxiliary pre-infusion line 
is con?gured to contain an anticoagulant. 

15. A machine according to claim 12, Wherein the pre 
infusion branch operates doWnstream from the blood pump 
With respect to a direction of blood circulation. 

16. A machine according to claim 7, Wherein the pre 
infusion branch is placed doWnstream from the infusion 
pump With respect to a direction of infusion. 

17. A machine according to claim 1, Wherein the other 
selecting means are placed near a branching of the infusion 
line splitting up into the pre-infusion branch and the post 
infusion branch. 

18. A machine according to claim 1, Wherein the other 
selecting means can be positioned at least betWeen a ?rst 
operation condition in Which said selecting means alloW the 
passage of ?uid in the pre-infusion branch and block the 
passage in the post-infusion branch, and at least a second 
operating condition in Which said selecting means alloW the 
passage of ?uid in the post-infusion branch and block the 
passage in the pre-infusion branch. 

19. A machine according to claim 4, Wherein the pre 
infusion branch starts from the post-infusion branch 
upstream from the common end length With respect to a 
direction of infusion. 

20. A machine according to claim 1, further comprising a 
collection container engaged to the outlet line of the ?uid 
circuit. 

21. A machine according to claim 1, Wherein the outlet 
line of the ?uid circuit further comprises means for circu 
lating ?uid, said outlet line of the ?uid circuit including an 
outlet line pump, for controlling a ?oW Within the ?uid 
circuit. 

22. A machine according to claim 1, further comprising 
means for determining a Weight of at least said primary ?uid 
container. 
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23. A machine according to claim 22, further comprising 
means for determining a Weight of at least said auxiliary 
?uid container. 

24. A machine according to claim 23, further comprising 
means for determining a Weight of at least said secondary 
?uid container. 

25. A machine according to claim 24, further comprising 
means for determining a Weight of at least a collection 
container engaged to the outlet line of the ?uid circuit. 

26. A machine according to claim 25, Wherein said means 
for determining the Weight of at least said primary ?uid 
container, of at least said auxiliary ?uid container, of at least 
said secondary ?uid container, and of at least said collection 
container each comprise at least a respective scale for each 
one of said collection container, said primary ?uid container, 
said secondary ?uid container, and said auxiliary ?uid 
container. 

27. A machine according to claim 26, further comprising 
a processing unit acting on the blood circuit, on the ?uid 
circuit, and on the infusion line, thus alloWing respective 
?oWs of the blood circuit, ?uid circuit, and infusion line to 
be controlled. 

28. A machine according to claim 27, Wherein the pro 
cessing unit acts on the auxiliary pre-infusion line. 

29. A machine according to claim 27, Wherein the pro 
cessing unit acts by controlling an inlet line pump operating 
on the inlet line of the ?uid circuit, an infusion pump 
operating on the infusion line, a blood pump operating on 
the blood circuit, an outlet line pump operating on the outlet 
line of the ?uid circuit, or the auxiliary pre-infusion pump 
operating on the auxiliary pre-infusion line. 

30. A machine according to claim 27, Wherein the pro 
cessing unit acts on the selecting means, or on the other 
selecting means. 

31. A machine according to claim 27, Wherein the pro 
cessing unit is input With a signal concerning Weights 
detected by the means for determining the Weight. 

32. A machine according to claim 1, incorporating an 
integrated module for blood treatment comprising: 

a support element carrying the ?ltration unit; and 
a ?uid distribution circuit associated to the support ele 
ment and cooperating With the ?ltration unit, the ?uid 
distribution circuit including the blood circuit, the ?uid 
circuit, the infusion line, and the auxiliary pre-infusion 
line, Wherein the selecting means comprises a moving 
element acting on the infusion branch or on the intake 
branch on a support structure connected to a main body 
for selectively blocking or alloWing a passage of said 
?uid in said infusion branch or intake branch. 

33. A machine according to claim 32, Wherein said 
moving element is mounted directly onto a machine body. 

34. A machine according to claim 32, Wherein the other 
selecting means comprises a moving element acting on said 
pre-infusion branch and/or on said post-infusion branch for 
selectively blocking or enabling the passage of said ?uid in 
said pre-infusion branch or in said post-infusion branch. 

35. A machine according to claim 34, Wherein said 
moving element is mounted directly onto a machine body. 

36. A machine according to claim 32, Wherein the support 
element comprises a main body and a support structure 
associated to the main body, said support structure being 
placed laterally With respect to the main body. 
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37. A machine according to claim 36, Wherein the support 

structure comprises a positioning ?n having at least one 
main seat con?gured to connect to respective tubes of the 
?uid distribution circuit to be associated to the support 
element. 

38. A machine according to claim 37, Wherein the inlet 
line of the ?uid circuit is fastened to the support element so 
as to de?ne at least a U-shaped tube length With respect to 
said support element, said U-shaped tube length being 
con?gured to cooperate operationally With a respective 
Pump 

39. A machine according to claim 38, Wherein the inlet 
line is fastened to the main body on the support structure, at 
least an inlet length of the ?uid circuit being connected to a 
?rst main seat of the positioning ?n and to a ?rst respective 
engagement connector, at least an outlet length of the ?uid 
circuit being connected to a second main seat of the posi 
tioning ?n and to a second respective engagement connector. 

40. A machine according to claim 39, Wherein the inlet 
and outlet lengths connected to the ?rst and second engage 
ment connectors and to the ?rst and second main seats are 
placed in a rectilinear arrangement and are parallel to one 
another. 

41. A machine according to claim 39, Wherein the outlet 
length has a branching splitting into the intake branch 
conveying the ?uid to the ?ltration unit, and into the infusion 
branch conveying the ?uid to the blood circuit. 

42. A machine according to claim 41, Wherein said 
branching, splitting into the intake branch and the infusion 
branch, is de?ned on an engagement connector. 

43. Amachine according to claim 40, Wherein the infusion 
branch and the intake branch, When engaged to the support 
structure, are placed in a rectilinear arrangement and are 
parallel to one another. 

44. Amachine according to claim 37, Wherein the infusion 
line is secured to the support element so as to de?ne at least 
one U-shaped tube length With respect to said support 
element, said at least one U-shaped tube length being 
con?gured to cooperate operationally With a respective 
pump. 

45. Amachine according to claim 44, Wherein the infusion 
line is fastened to the main body on the support structure, at 
least an outlet length of the infusion line being connected to 
a main seat of the positioning ?n and to a respective 
engagement connector. 

46. A machine according to claim 45, Wherein the outlet 
length has a branching splitting up into the pre-infusion 
branch conveying ?uid to an inlet line of the blood circuit, 
and into the post-infusion branch conveying ?uid to an 
outlet line of the blood circuit. 

47. Amachine according to claim 46, Wherein the branch 
ing, splitting into the pre-infusion branch and the post 
infusion branch, is de?ned on an engagement connector. 

48. A machine according to claim 46, Wherein the pre 
infusion branch and the post-infusion branch, When con 
nected to the support structure, are placed in a rectilinear 
arrangement and are parallel to one another. 
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EXTRACORPOREAL BLOOD TREATMENT 
MACHINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a division of application Ser. No. 10/771,377, ?led 
Feb. 5, 2004, now US. Pat. No. 7,314,554, issued on Jan. 1, 
2008, and claims the priority of Italian Patent Application No. 
MI2003 A 000212, ?led on Feb. 7, 2003, and the bene?t of 
US. Provisional Application No. 60/469,839, ?led May 13, 
2003, the contents of Which are incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

The present invention relates to an extracorporeal blood 
treatment machine and to an integrated treatment module that 
can be used on said machine. 

The object of the invention can be used for instance in 
intensive therapy machines Which can carry out a plurality of 
different blood treatments. 

Extracorporeal treatments generally consists in taking 
blood from the patient, in treating said blood When it is 
outside the patient’ s body and then in re-circulating the blood 
thus treated. 

The treatment typically consists in removing from the 
blood unWanted and/or dangerous substances, as Well as 
excess liquid in patients Who cannot autonomously carry out 
said operations, such as for instances patients suffering from 
temporary or permanent kidney problems. 

For instance, it may be necessary to add or remove sub 
stances from blood, to keep a correct acid/base ratio or also to 
remove ?uid excess from the body. 

The extracorporeal treatment is generally obtained by 
removing blood from the patient, by letting the blood ?oW 
Within a ?ltration unit Where a semipermeable membrane 
ensures the exchange of suitable substances, molecules and 
?uids. 

Generally though not necessarily, said exchange is carried 
out by letting a given biological ?uid ensuring the aforesaid 
exchanges pass in counter-current and Within a secondary 
chamber of the ?ltration unit. 

It should be noted that currently used machines can enable 
different types of blood treatment. 

In the ultra?ltration treatment the substances and ?uids to 
be eliminated are removed by convection from the blood, pass 
through the semipermeable membrane and are led toWards 
the aforesaid secondary chamber. 

In hemo?ltration treatments part of the molecules, sub 
stances and ?uids present in the blood pass through the mem 
brane by convection as in the ultra?ltration treatment, 
although further necessary elements are added to the blood; 
typically a suitable ?uid is infused directly into the blood 
before or after the latter passes through the ?ltration unit and 
anyhoW before it is carried back into the patient. 

In haemodialysis treatments a ?uid containing material to 
be transferred into the blood is introduced into the secondary 
chamber of the ?ltration unit. The unWanted material ?oWs 
through the semipermeable membrane from the blood into 
the secondary ?uid and the desired substances/molecules 
from the secondary ?uid can pass through the membrane as 
far as the blood. 

In hemodia?ltration treatments the blood and the second 
ary ?uid exchange their respective substances/molecules as in 
haemodialysis and, in addition, a ?uid is infused into the 
blood as in haemo?ltration treatments. 
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Obviously, in order to carry out each of said extracorporeal 

blood treatments, the blood has to be removed from a 
patient’s vein or artery, suitably circulated in the machine and 
then re-introduced into the patient. 
As is also knoWn, blood treatment machines for intensive 

therapy have to be ready as fast as possible for an immediate 
use for any possible emergency. 

Obviously, to this purpose the machine must not require 
either preliminary sanitiZing operations or long pre-assem 
bling operations of the various components for the various 
therapies. 
As is knoWn, intensive therapy machines are present on the 

market and are currently used, in Which a blood circuit com 
prises a line for taking blood from the patient, Which carries 
said blood to a ?ltration cartridge, and an outlet line from the 
?ltration cartridge, Which carries the treated blood back into 
the patient’s body. 
The machine is then equipped With a circuit for the pas sage 

of dialysis ?uid; also said circuit has an intake line leading 
into the ?ltration unit, Which is supplied by a sterile bag 
containing the dialysis liquid, and has also an outlet line 
enabling the passage of a ?uid Which has received by convec 
tion/diffusion the dangerous substances and molecules from 
the blood toWards a collection bag for their subsequent 
removal. 

Said machine is further equipped With an infusion line 
alloWingiWith suitable dosesito transfer directly into the 
blood upstream from the ?ltration unit the content of another 
liquid bag, thus adding the necessary products into the blood. 
A knoWn intensive therapy machine is further equipped 

With a suitable syringe containing for instance heparin as 
blood anticoagulant, the latter being added to the blood taken 
from the patient so as to avoid the creation of dangerous clots 
Within the circuit. 
The structure and circuitry mentioned above are generally 

de?ned by a single integrated module attached to the machine 
body. 

It is evident that in order to enable the immediate use of the 
machine, the ?uid bags referred to above have to be present 
and already sterile, so as to be directly and easily connected to 
their respective tubes, the latter also being sterile and dispos 
able. 
The machine is further equipped With a suitable control 

unit managing the ?oW of ?uids by means of suitable peri 
staltic pumps and respective sensors associated to the circuit. 

It is evident that by suitably setting the control unit said 
machine can selectively carry out one or more of the extra 
corporeal blood treatments described above (i.e. ultra?ltra 
tion, haemo?ltration, haemodialysis and haemodia?ltration). 
The machine described above, though being today quite a 

vanguard device for extracorporeal blood treatments in inten 
sive therapies, has proved to be susceptible of several 
improvements . 

In particular, a ?rst intrinsic draWback in intensive therapy 
machines is related to the limited availability of ?uids for 
operations involving the exchange of substances by convec 
tion/ diffusion Within the ?lter and for pre- or post-infusions 
into the blood line. 

Said limitation is obviously related to the necessary use of 
pre-packaged sterile ?uid bags typically containing 6 kg of 
dialysis liquid. 

It is evident that the pre-established ?uid amount to be used 
imposes some limitations, in particular in the case of thera 
pies With large exchange of ?uids, Which Would sometimes be 
extremely suitable in emergency cases. 
On the other hand, it is not possible to use larger ?uid 

amounts in intensive therapies since suitably treated Water 
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taken from the Water network cannot be used as exchange 
?uid in short times; indeed, this Would involve long opera 
tions for installing the devices for in-line preparation of sterile 
liquids; moreover, it is not possible to use bags With higher 
amounts of liquids due to the obvious problems involving 
transport and management of said containers by the person 
nel. 

Another problem of knoWn intensive therapy machines 
consists in achieving an optimal management of the admin 
istration of anticoagulant substances Which are necessary for 
a good Working of the machine. 

In particular, today knoWn intensive therapy machines can 
not manage effectively the use of regional anticoagulation 
methods, such as for instance citrate-based methods, since the 
use of said techniques requires the administration of further 
solutions recovering the blood ionbalance before carrying the 
treated blood back into the patient’s body. 

SUMMARY OF THE INVENTION 

Under these circumstances the present invention aims at 
solving basically all the drawbacks referred to above. 
A ?rst technical aim of the invention is to provide physi 

cians With the possibility to manage therapies With large 
exchange of ?uids using an intensive therapy machine Where, 
in any case, ?uids are housed in small-siZe containers. 
A further aim of the present invention is to be able to 

manage intensive therapies by using regional anticoagulation 
techniques, i.e. acting on the blood only in the extracorporeal 
circuit, Without having to limit pre-infusion upstream from 
the ?ltration unit. 

Moreover, an aim of the present invention is to enable the 
substantial separation of the use of regional anticoagulation 
techniques from the infusion of ?uids for carrying out the 
necessary therapeutic exchange (by convection or diffusion). 

Finally, an auxiliary aim of the present invention is to 
provide an machine ensuring quite simple and reliable load 
ing and installing operations, further enabling the complete 
control of the therapy cycles that are carried out. 

These and other aims, Which shall be evident in the course 
of the present description, are basically achieved by an extra 
corporeal blood treatment machine as described in the 
appended claims. 

Further characteristics and advantages Will be clearer from 
the detailed description of a preferred though not exclusive 
embodiment of an extracorporeal blood treatment machine 
according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This description Will be given beloW With reference to the 
appended tables, Which are provided as a mere guidance and 
are therefore not limiting, in Which: 

FIG. 1 shoWs schematically a hydraulic circuit to be used in 
an intensive therapy machine in accordance With the present 
invention; 

FIG. 2 shoWs an integrated module comprising a support 
element and a portion of the ?uid distribution circuitry, to be 
used in intensive therapy machines in accordance With the 
pre-sent invention; and 

FIG. 3 shoWs an machine body in accordance With the 
invention. 

DETAILED DESCRIPTION 

With reference to the ?gures mentioned above, the numeral 
1 globally refers to a machine for extracorporeal blood treat 
ment, in particular for intensive therapies. 
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As can be inferred from the appended table 1, the machine 

consists of a blood circuit 3, Which takes blood from a patient, 
for instance by means of a catheter introduced into a vein or 
artery of saidpatient, and through at least an inlet line 311 takes 
said blood, for instance continuously, to a ?ltration unit 2. 
Then the blood passes through a primary chamber of said 

?ltration unit 2 and through an outlet line 3b the treated blood 
is carried back to the patient. 
The connection With an auxiliary pre-infusion line 18 is 

provided immediately doWnstream from the blood collecting 
Zone on the inlet line 311. 

In particular, the machine is equipped With at least a sec 
ondary ?uid container or bag 20 for supplying the pre-infu 
sion line 18; by using corresponding means for conveying 
?uid, in the example shoWn comprising an auxiliary pre 
infusion pump 19, for instance a peristaltic pump, it is pos 
sible to control the ?uid ?oW Within said line by introducing 
said ?uid directly into the blood by means of a direct connec 
tion to the inlet line 311. 

Generally, the secondary ?uid container 20 can house a 
suitable biological ?uid for a pre-infusion, hoWever said bag 
20 can also contain an anticoagulant, generally causing a 
regional anticoagulation so as to ensure a particular Working 
of the machine as shall be explained beloW in further detail. 

After de?ning a direction of blood circulation 22 from the 
inlet line 311 toWards the ?ltration unit and from the latter 
through the outlet line 3b toWards the patient, a knoWn blood 
pressure sensor 34, Which shall not be described in further 
detail, is placed immediately doWnstream from the auxiliary 
pre-infusion line 18. 
The blood circuit 3 therefore comprises means for convey 

ing ?uid, i.e. in this particular case at least a blood pump 21 
for controlling and managing the suitable blood ?oW in the 
circuit. Also the blood pump 21 is generally a peristaltic 
pump. 

FolloWing the direction of blood circulation 22, there is 
then a device 35 for administering an anticoagulant, for 
instance a syringe containing suitable doses of heparin. 
The blood then passes through another pressure sensor 36 

controlling the correct ?oW Within the blood circuit. 
After passing through a main chamber of the ?ltration unit 

2, Where the suitable exchanges of substances, molecules and 
?uids occur by means of a semipermeable membrane, the 
treated blood enters the outlet line 3b ?rst passing though a 
gas separating device (generally air) 12 commonly knoWn as 
“bubble trap”, designed so as to ensure the detection and 
removal of substances or air bubbles present in the blood. 
The treated blood getting out of the separating device 12 

then passes through an air bubble sensor 37 verifying the 
absence of said dangerous formations Within the treated 
blood that has to be re-introduced in the patient’s blood cir 
culation. 

Immediately doWnstream from the bubble sensor 37 there 
is an element 38 Which, in case of alarm, can block the blood 
?oW toWards the patient. 

In particular, should the bubble sensor 37 detect the pres 
ence of anomalies in the blood ?oW, the machine through the 
element 38 (be it a tap, a clamp or similar) Would be able to 
block immediately the passage of blood so as to avoid any 
consequence to the patient. 
DoWnstream from said element 38 the treated blood is then 

carried back to the patient undergoing therapy. 
The extracorporeal blood treatment machine shoWn above 

is then equipped With a ?uid circuit 4, Which is also provided 
With at least an inlet line 411 leading into the ?ltration unit 2 
and With an outlet line 4b from the ?ltration unit. 
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At least a primary ?uid container 5 is designed to supply 
the inlet line 411 of the ?uid circuit 4 (generally the primary 
?uid container 5 shall consist of a bag containing a suitable 
dialysis liquid). 

The inlet line 411 then comprises means for conveying ?uid 
such as at least a pump 9 (in the embodiment shoWn a peri 
staltic pump) for controlling the ?oW of liquid from the bag 5 
and for de?ning a direction of circulation 10. 

DoWnstream from the pump 9 in the direction of circula 
tion 10 there is a branching 17 splitting the ?uid circuit 4 up 
into an intake branch 15 and an infusion branch 8. 

In particular, the infusion branch 8 is connected to the 
outlet line 3b of the blood circuit 3. 

In other Words, by means of said infusion branch 8 it is 
possible to obtain a post-infusion directly in the blood line 
using the content of the primary ?uid container 5. 

Conversely, the intake branch 15 conveys the ?uid directly 
to the ?ltration unit and in particular to a secondary chamber 
of said unit. 

The ?uid circuit 4 is further equipped With selecting means 
16 for determining the percentages of ?uid ?oW Within the 
infusion branch 8 and the intake branch 15. 

Generally said selecting means 16, usually placed near the 
branching 17, can be positioned at least betWeen a ?rst oper 
ating condition in Which they alloW the passage of ?uid in the 
intake branch 15 and block the pas sage in the infusion branch 
8, and a second operating condition in Which they alloW the 
passage of ?uid in the infusion branch 8 andblock the passage 
in the intake branch 15. 

In other Words, said selecting means 16 can consist of a 
valve element operating on the ?uid circuit 4 by alternatively 
blocking the passage of ?uid in either branch. 

It is also evident that it might be provided for suitable 
selectors, Which are able to establish a priori the amount of 
liquid that has to pass through both branches simultaneously. 

It Will also be possible to vary the percentages of ?uid in 
either branch as a function of time and of the pre-established 
therapies. 

The dialysis liquid through the intake branch 15 gets into a 
secondary chamber of the ?ltration unit 2. 

In particular, the primary chamber through Which the blood 
?oW passes is separated from the secondary chamber through 
Which the dialysis liquid passes by means of a semipermeable 
membrane ensuring the suitable passage of the dangerous 
substances/molecules and of ?uid from the blood toWards the 
dialysis liquid mainly by means of convection and diffusion 
processes, and also ensuring through the same principles the 
passage of substances/molecules from the dialysis liquid 
toWards the blood. 

The dialysis ?uid then gets into the outlet line 4b and passes 
through a suitable pressure sensor 39 Whose function is to 
control the Working of said line. 

Then there are means for conveying ?uid, for instance a 
suction pump 28 controlling the ?oW in the outlet line 4b 
Within the ?uid circuit 4. Also said pump Will generally be a 
peristaltic pump. 

The ?uid to be eliminated then passes through a blood 
detector and is conveyed into a collection container or bag 27. 

Further analyZing the particular circuit of the machine 
according to the invention, note the presence of at least 
another infusion line 6 acting on the outlet line 3b of the blood 
circuit 3. 

In particular, the infusion ?uid is taken from at least an 
auxiliary container 7 and is sent directly to the outlet line 3b 
of the blood circuit 3 through means for conveying ?uid, 
generally an infusion pump 13 controlling its ?oW (in the 
example a peristaltic pump). 
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In particular and as can be observed in the appended ?gure, 

the infusion liquid can be introduced directly into the gas 
separating device 12. 
As can also be inferred, the infusion branch 8 of the ?uid 

circuit 4 and the infusion line 6 are equipped With a common 
end length 11 letting into the blood circuit 3. 

Said intake end length 11 is placed doWnstream from the 
infusion pump 13 With respect to a direction of infusion 14 
and carries the ?uid directly into the bubble trap device 12. 

Further referring to the diagram in FIG. 1, one can notice 
the presence Within the infusion line 6 of at least a pre 
infusion branch 23 connected to an inlet line 311 of the blood 
circuit 3. 

In further detail, doWnstream from the infusion pump 13 
With respect to the direction of infusion 14, there is a branch 
ing 26 splitting the infusion line 6 up into pre-infusion branch 
23 and post-infusion branch 24. 
The pre-infusion branch 23, in particular, carries the ?uid 

taken from the bag 7 on the inlet line 311 of the blood circuit 
doWn-stream from the blood pump 21 With respect to the 
direction of circulation 22. 

Conversely, the post-infusion branch 24 is connected 
directly to the common end length 11. 
The infusion line 6 further comprises selecting means 25 

for determining the percentage of liquid ?oW to be sent to the 
post-infusion branch 24 and to the pre-infusion branch 23. 
The selecting means 25 placed near the branching 26 can 

be positioned betWeen at least a ?rst operating condition in 
Which they alloW the passage of ?uid in the pre-infusion 
branch 23 and block the passage in the post-infusion branch 
24, and at least a second operating condition in Which they 
alloW the passage of ?uid in the post-infusion branch 24 and 
block the passage in the pre-infusion branch 23. 

Obviously, as in the case of the selecting means 16 present 
on the ?uid circuit 4, also the other selecting means 25 Will be 
able to determine the percentage of ?uid that has to pass in 
each of the tWo branches and to possibly vary it in time in 
accordance With the planned therapies. Moreover, the select 
ing means 16 and the other selecting means 25 Will generally 
though not necessarily be of the same nature. 
The machine is then equipped With means 29 for determin 

ing at least the Weight of the primary ?uid container 5 and/or 
of the auxiliary ?uid container 7 and/or of the secondary ?uid 
container 20 and/ or of the collection container 27. 

In particular, said means 29 comprise Weight sensors, for 
instance respective scales 30, 31, 32 and 33 (at least an inde 
pendent one for each ?uid bag associated to the machine). 

In particular, there Will be at least 4 of said scales, each pair 
being independent from the other, and each one measuring the 
respective Weight of a bag. 

It should then be pointed out that there is a processing unit 
or CPU 40 acting on the blood circuit 3 and inparticular on the 
pressure sensor 34, on the bloodpump 21, on the device 35 for 
heparin infusion, on the other pressure sensor 36, and on the 
device for detecting the presence of air bubbles 37 and on its 
respective closing element 38. 

Said CPU 40 has also to control the ?uid circuit 4 and, in 
particular, shall be input With the data detected by the scales 
30 and concerning the Weight of the bag 5 and shall act on the 
pump 9, on the selecting means 16, on the pressure sensor 39, 
then on the suction pump 28 and shall eventually receive the 
data detected by the scales 33 Whose function is to determine 
the Weight of the collection container 27. 
The CPU 40 shall also act on the infusion line 6 checking 

the Weight of the auxiliary container 7 (checked by the scales 
31) and Will be able to control both the infusion pump 13 and 
the other selecting means 26. 
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Eventually, the CPU 40 shall also act on the auxiliary 
pre-infusion line 18 detecting the Weight of the secondary 
?uid container 20 by means of the scales 32 and suitably 
controlling the pump 19 according to the treatments to be 
carried out. 

Reminding that the above description has been made With 
the sole purpose of describing the Whole of the hydraulic 
circuit of the extracorporeal blood treatment machine, here is 
a short description of the Working of the device. 
Once the Whole hydraulic circuit and the ?ltering unit 2 

have been correctly associated to the machine so that the 
various peristaltic pumps engage the respective lengths of 
tubes and that all the sensors have been suitably positioned, 
and the various bags containing the various ?uids have been 
associated to the corresponding liquid supply/intake lines, 
and the blood circuit has been connected to a patient’ s artery/ 
vein, the initial circulation of blood Within its circuit is 
enabled. 

Therefore, according to the kind of therapy that has been 
set, the extracorporeal blood treatment machine is automati 
cally started and controlled by the processing unit 40. 

If the patient undergoes an ultra?ltration treatment, as Well 
as the blood pump 21 the suction pump 28 connected to the 
outlet line of the ?uid circuit 4 is started, so as to take by 
convection a ?uid excess in the patient by means of the 
?ltration unit. 

Conversely, if the therapy that has been set comprises a 
haemo?ltration treatment, as Well as the blood pump 21 and 
the suction pump 28 for taking ?uids by convection also the 
pump 9 on the inlet line of the ?uid circuit 4 and the selecting 
means 16 placed so as to enable a post-infusion are started. 

Also the infusion line 6 shall be used so as to enable a 
further addition of liquids to the post-infusion or to enable a 
suitable pre-infusion. 

Conversely, if the treatment involves haemodialysis, the 
pumps 9 and 28 of the ?uid circuit 4 shall be started and the 
selecting means 16 shall be positioned so as to ensure the 
passage of the dialysis liquid only toWards the ?ltration unit 2 
so as to take substances and/or molecules and/or liquids by 
diffusion and possibly by convection if the transmembrane 
pressure through the ?ltration unit is other than Zero. 

Eventually, if a haemodia?ltration treatment has to be car 
ried out, beyond the blood pump 21 the ?uid circuit and 
therefore the pumps 9 and 28 shall be started, so as to ensure 
a circulation of the liquid Within the ?ltration unit 2 and also 
the pump 14 of the infusion line 6 shall be started so as to 
ensure a pre- or post-infusion. 

It Will be possible to set up therapies comprising one or 
more of the treatments referred to above. 

In all the treatments described above, possibly except the 
ultra?ltration treatment, it Will be possible to use the auxiliary 
pre-infusion line for introducing an anticoagulant and/or a 
suitable infusion liquid into the blood. 
The anticoagulant can also be administered by means of 

the suitable device 35 designed for the introduction of heparin 
into blood. 

Concerning this it should be pointed out that the machine 
according to the invention is designed to receive various kinds 
of syringes according to the amount of anticoagulant to be 
administered. 

Obviously, it is the control unit 40 that, being connected to 
the various devices, sensors, pumps and being input With the 
data on Weight from the scales, is ableionce it is setito 
control and automate the Whole Working of the machine. 

In further detail, it is possible to set the ?oWs of the various 
pumps present on the machine in accordance With the therapy 
or therapies to be started. 
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Obviously, the setting of said ?oWs results in an amount of 

?uid taken from the patient (Weight loss), Which Will gener 
ally be given by the difference betWeen the Weight of the 
liquid that has been collected in the bag 27 and of the liquid 
circulated in the circuit through the primary ?uid container 5, 
the auxiliary ?uid container 7 and the secondary ?uid con 
tainer 20. 

In particular, in accordance With the data received by the 
control unit coming from the various scales (and the theoreti 
cal ?oW rates ?xed on each pump of therapy/treatment carried 
out) the control unit 40 shall control the means for circulating 
?uid in the various lines by suitably varying the thrust exerted 
by the various pumps 9, 13, 19, 21 and 28. 

In particular, the signals coming from the scales referred to 
above 30, 31, 32, 33 are used by the control unit 40 for 
determining the Weight of the particular ?uid introduced into 
the line or collected. 

In order to determine the amount of ?uid released or col 
lected in a particular bag or container the control unit 40 
compares at regular intervals (the greater the ?oWs the smaller 
the intervals) the actual Weight of the container With the 
desired Weight (Which is a direct function of the desired ?oW 
for each pump and of the time interval betWeen each control 
step AWIQ At). 
The desired Weight can be calculated as a function of the 

required ?oW (stored in a suitable storage unit of the com 
puter) and of the time elapsed from the beginning of the 
treatment. 

If the actual Weight and the desired Weight differ from each 
other, the control unit acts on the corresponding pump so as to 
reduce, and possibly cancel, said difference. In other Words, 
during each cycle not an absolute Weight variation, but only 
the variation in the time interval is taken into consideration to 
correct the latter. 
The control unit takes into consideration variations in the 

difference starting from the last comparison, so as to avoid 
oscillations of the actual ?oW around the desired ?oW. 

Reminding that the above description has been carried out 
With the sole purpose of providing a general vieW of the blood 
treatment machine and of the hydraulic circuit thereto asso 
ciated, it should be noted that generally the Whole machine 
shall comprise a body 58 (see in particular FIG. 3) designed to 
integrate all instruments and devices to be used several times 
in different treatments on one or more patients. 

In particular, the machine body 58, beyond the Whole elec 
tronic control circuitry (processing unit 40, data input and 
reading display, pressure sensors 34, 36, 39, . . . ) shall also 
have on its front surface the blood pump 21, the ?uid pump 9, 
the infusion pump 13 and the auxiliary pre-infusion pump 19. 

Conversely, the parts of the machine that are designed to be 
used only once for each treatment on the patient, generally in 
the course of an intensive therapy, shall be housed in a corre 
sponding disposable integrated module 41 to be attached 
directly onto the machine body 58. 
As shoWn in FIG. 2, the integrated module 41 for blood 

treatment has a support element 42 consisting of a main body 
52 and of a supporting structure 44 associated, for instance as 
one piece, to the main body and placed laterally With respect 
to the latter. 

Said integrated module further comprises a ?uid distribu 
tion circuitry 43 (represented only partially in the appended 
FIG. 2) associated to said support element 42 and cooperating 
With the ?ltration unit 2 so as to carry out the hydraulic circuit 
previously described. 

In particular, it is possible to note hoW the main body 52 
de?nes a housing compartment designed to receive the 
respective U-arranged lengths of tubes of the circuitry, Which 
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are kept in position so as to be ready to cooperate With the 
respective peristaltic pumps housed by the machine body 58. 
As can be observed, the blood circuit 3 and in general the 

inlet line 311 of the blood circuit 3 is fastened by means of 
connectors to a side Wall of the main body 52, in the same Way 
as also the inlet line 411 of the ?uid circuit 4 and the outlet line 
4b of the ?uid circuit 4 are secured to the main body 52. 

Also the infusion line 6 and the auxiliary pre-infusion line 
18 are secured to the main body 52 (see again FIG. 2). 

All the portions of lines referred to above are secured to the 
support element 42 so as to de?ne at least a corresponding 
U-arranged length of tube With respect to said support ele 
ment 42 and so that each of said U-lengths can cooperate With 
the corresponding peristaltic pump housed in the machine 
body. 

Going into further constructive details, it can be noted hoW 
the support structure 44 comprises a positioning ?n 45 pro 
vided With a given number of main seats 46a, 46b, 46c, 46d 
and 46e suitably placed so that respective tubes of the ?uid 
distribution circuit 43 associated to the support element can 
be engaged therein. 
As can be further observed, the inlet line 411 of the ?uid 

circuit 4 is fastened to the main body 52 on the support 
structure 44. 

As a matter of fact, at least an inlet length 47 is kept in 
position by the support structure 44 by means of a main seat 
460 of the positioning ?n 45 and by a corresponding connec 
tor 48 de?ned on the main body. 

The outlet length 49 of the ?uid circuit 4 is engaged in its 
turn With the respective engagement connector 50 and With 
the main seat 4611 of the positioning ?n 45. 
As can be noted from the arrangement shoWn, the inlet and 

outlet lengths 47 and 49 engaged to their respective connec 
tors 48, 50 and With the main seats 46c and 4611 are placed in 
a substantially rectilinear arrangement and are parallel one to 
the other. 

It should then be pointed out that the outlet length 49 has a 
branching 17 splitting up into intake branch 15 designed to 
convey the ?uid to the ?ltration unit, and infusion branch 8 
designed to convey the ?uid to the blood circuit 3. 

Said branching 17 cannot be seen in FIG. 2 since it is 
de?ned by the engagement connector 50 on the opposite side 
With respect to the one shoWn in said ?gure. 

In other Words, the connector 50 has a basically T shape, 
Whose tWo outlets are connected to the intake branch 15 and 
to the infusion branch 8. 

The infusion branch 8 is further secured to an auxiliary seat 
51 of the support structure and to another main seat 46b. 
When engaged the infusion branch 8 and the intake branch 

15 are placed in a rectilinear arrangement and are parallel one 
to the other. 

Also the infusion line 6 is fastened to the main body 52 on 
the support structure 44. 

At least an outlet length 53 of the infusion line 6 is engaged 
to a main seat 46d of the positioning ?n and to a respective 
engagement connector 54. 

Analogously to the above description, also the outlet length 
53 of the infusion line 6 has a branching 26 splitting up into 
pre-infusion branch 23 designed to convey the ?uid to the 
inlet line 311 of the blood circuit 3, and post-infusion branch 
designed to convey the ?uid to the outlet line 3b of the blood 
circuit 3. 

Here again the branching 26 is not shoWn in FIG. 2 since it 
is de?ned by the T-shaped connector 54, one of Whose outlets 
can be seen only on the opposite side With respect to the one 
shoWn. 
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The pre-infusion branch 23 is secured to an auxiliary seat 

55 of the support structure and to another main seat 46e of the 
?n 45. 

Said arrangement enables to have pre-infusion branch 23 
and post-infusion branch 24 in rectilinear con?guration and 
parallel one to the other. 

It should noW be observed that the selecting means 16 
previously de?ned act by enabling or blocking the passage of 
?uid in the infusion branch 8 and/or in the intake branch 15 
exactly on the rectilinear lengths de?ned on the support struc 
ture 44. 

In particular, said selecting means 16 can be de?ned by 
suitable cams or clamps. 

The example of embodiment shoWn provides for a moving 
element 56, Which as a result of its movement blocks either 
the infusion branch 8 or the intake branch 15. 

Said moving element 56 is generally mounted directly onto 
the machine body 58 and has been shoWn With a mere expli 
cative purpose and With a hatched line in the appended FIG. 2. 

Wholly similarly, the other selecting means 25 can com 
prise a moving element 57 acting on the pre-infusion branch 
23 or on the post-infusion branch 24 for selectively blocking 
or enabling the passage of ?uid. 

Here again saidmoving element 57 has been shoWn by Way 
of example in FIG. 2; hoWever, it should be noted that gen 
erally said element is mounted directly onto the machine 
body 58. 

The invention has important advantages. 
It is obvious that the use of a hydraulic circuit enabling a 

passage of the dialysis ?uid Within the ?ltration unit or selec 
tively toWards a post-infusion by using the same liquid com 
ing from the primary ?uid bag 5, alloWs to manage therapies 
With a large volume of ?uids, particularly in intensive therapy 
machines Where anyhoW said ?uids are housed in small bags. 
As a matter of fact, it Will be possible to carry out a pre 

and/or post-infusion into the blood line using the ?uid of the 
primary container 5 and of the auxiliary container 7, thus 
carrying out for instance a more intense ultra?ltration. 

Moreover, the presence of a branching also on the infusion 
line alloWs to manage therapies With regional anticoagulation 
techniques Without limiting the possibilities of dialysis pre 
?lter infusion in any Way. 
When regional anticoagulation techniques are used, such 

as for instances the use of citrates, it is alWays necessary, 
before carrying the treated blood back into the patient, to 
administer to the latter suitable substances (for instance cal 
cium) for recovering the ion balance in the blood. 

It is obvious that the elimination/balance of the anticoagu 
lant substances should be carried out doWnstream from the 
?ltration unit, for instance by means of the post-infusion line. 

In the machine according to the invention, hoWever, in 
order to balance the ions in the returned blood it Will be 
possible to use directly the ?uid circuit by introducing a 
suitable reagent into the primary ?uid bag 5 and by using the 
inlet line 411 for carrying out the post-infusion through the 
infusion branch 8. 

The infusion line 6 shall thus enable to carry out pre 
infusions, ensuring the optimal Working of the machine also 
during this kind of treatments. 

Therefore, the particular arrangement of the pre- and post 
infusion lines and of the dialysis lines enablesialso in inten 
sive therapy machines Where all the various ?uids are con 
tained in small bagsito carry out all the necessary therapies/ 
treatments, thus eliminating the operational limits present in 
knoWn machines. 
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The invention claimed is: 
1. An integrated module for blood treatment, comprising: 
a support element; 
at least one ?ltration unit engaged to the support element; 

and 
a ?uid distribution circuitry associated to the support ele 
ment and cooperating With the ?ltration unit, said ?uid 
distribution circuitry including: 
a plurality of tubes; 
a blood circuit having at least an inlet line connected to 

the ?ltration unit, and an outlet line connected to said 
?ltration unit; 

a ?uid circuit having at least an inlet line connected to 
the ?ltration unit, and an outlet line connected to the 
?ltration unit, the inlet line of the ?uid circuit being 
designed to be connected to at least a primary ?uid 
container; and 

at least an infusion line acting on the outlet line of the 
blood circuit, said infusion line being designed to be 
supplied by at least an auxiliary ?uid container, and 
the infusion line being fastened to the support element 
so as to de?ne at least a U-arranged tube length With 
respect to said support element, at least an outlet 
length of the infusion line having a branching splitting 
up into pre-infusion branch conveying ?uid to the 
inlet line of the blood circuit, and into post-infusion 
branch conveying ?uid to the outlet line of the blood 
circuit; 

Wherein the inlet line of the ?uid circuit comprises at 
least an infusion branch connected to the outlet line of 
the blood circuit, the inlet line of the ?uid circuit being 
fastened to the support element so as to de?ne at least 
a U-arranged tube length With respect to said support 
element, at least an outlet length of the inlet line of the 
?uid circuit having a branching splitting up into intake 
branch conveying the ?uid to the ?ltration unit, and 
into the infusion branch, separate from the post-infu 
sion branch of the infusion line, conveying the ?uid to 
a blood circuit. 

2. A module according to claim 1, Wherein the support 
element comprises a main body and a support structure asso 
ciated to the main body and placed laterally With respect to the 
latter. 

3. A module according to claim 2, Wherein the support 
structure comprises a positioning ?n having a given number 
of main seats in Which each of the tubes of the ?uid distribu 
tion circuit are respectively engaged. 

4. A module according to claim 1, Wherein the inlet line of 
the ?uid circuit is fastened to the support element so as to 
de?ne at least a U-arranged tube length With respect to said 
support element, Which shall cooperate operationally With a 
respective pump. 

5. A module according to claim 3, Wherein the inlet line of 
the ?uid circuit is fastened to the main body on the support 
structure so as to de?ne at least a U-arranged tube length With 
respect to said support structure, Which shall cooperate opera 
tionally With a respective pump, at least an inlet length of the 
inlet line of the ?uid circuit being engaged in a main seat of 
the positioning ?n and to a respective engagement connector 
on the main body, at least an outlet length of the inlet line of 
the ?uid circuit being engaged in a main seat of the position 
ing ?n and to the respective engagement connector. 

6. A module according to claim 5, Wherein the inlet and 
outlet lengths engaged to the connectors and to the main seats 
are placed in a rectilinear arrangement and are parallel one to 
the other. 
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12 
7. A module according to claim 5, Wherein the outlet length 

has a branching splitting up into intake branch conveying the 
?uid to the ?ltration unit, and into infusion branch conveying 
the ?uid to a blood circuit. 

8. A module according to claim 7, Wherein the branching 
splitting up into infusion branch and intake branch is de?ned 
on an engagement connector. 

9. A module according to claim 7, Wherein the infusion 
branch is secured to an auxiliary seat and to another main seat. 

10. A module according to claim 7, Wherein the infusion 
branch and the intake branch are placed in a rectilinear 
arrangement and are parallel one to the other. 

11. A module according to claim 1, Wherein the infusion 
line is secured to the support element so as to de?ne at least a 
U-arranged tube length With respect to said support element, 
said tube length being designed to cooperate operationally 
With a respective pump. 

12. A module according to claim 3, Wherein the infusion 
line is fastened to the main body on the support structure so as 
to de?ne at least a U-arranged tube length With respect to said 
support element, at least an outlet length of the infusion line 
being engaged to a main seat of the positioning ?n and to a 
respective engagement connector on the main body. 

13. A module according to claim 12, Wherein the outlet 
length has a branching splitting up into pre-infusion branch 
conveying ?uid to the inlet line of the blood circuit, and into 
post-infusion branch conveying ?uid to the outlet line of the 
blood circuit. 

14. A module according to claim 13, Wherein the branching 
splitting up into pre-infusion branch and post-infusion branch 
is de?ned on an engagement connector. 

15. A module according to claim 13, Wherein the pre 
infusion branch is secured to an auxiliary seat and to another 
main seat. 

16. A module according to claim 14, Wherein the pre 
infusion branch and the post-infusion branch are placed in a 
rectilinear arrangement and are parallel one to the other. 

17. A module according to claim 1, further comprising an 
auxiliary pre-infusion line acting on the inlet line of the blood 
circuit and having at least a pre-infusion branch connected to 
the inlet line of the blood circuit. 

18. An integrated module for blood treatment, comprising: 
a support element presenting a main body and a support 

structure associated to the main body and placed later 
ally With respect to the latter, the support structure com 
prising a positioning ?n having a given number of main 
seats; 

at least one ?ltration unit engaged to the support element; 
and 

a ?uid distribution circuitry associated to the support ele 
ment and cooperating With the ?ltration unit, said ?uid 
distribution circuitry including: 
a blood circuit having at least an inlet line connected to 

the ?ltration unit, and an outlet line connected to said 
?ltration unit; 

a ?uid circuit having at least an inlet line connected to 
the ?ltration unit, and an outlet line connected to the 
?ltration unit, the inlet line of the ?uid circuit being 
designed to be connected to at least a primary ?uid 
container, the inlet line of the ?uid circuit comprises at 
least an infusion branch connected to the outlet line of 
the blood circuit, an inlet length of the inlet line is 
engaged on a main seat of the positioning ?n and to a 
connector of the main body, an outlet length of the 
inlet line is engaged With a connector on the main 
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body and With a main seat on the positioning ?n, the 
infusion branch being in engagement With a main seat 
of the positioning ?n; and 

at least an infusion line fastened to the main body and 
acting on the outlet line of the blood circuit, said 
infusion line being designed to be supplied by at least 
an auxiliary ?uid container, at least an outlet length of 
the infusion line having a branching splitting up into 
pre-infusion branch conveying ?uid to the inlet line of 
the blood circuit, and into post-infusion branch con 

14 
Veying ?uid to the outlet line of the blood circuit, the 
outlet length of the infusion line being engaged to a 
main seat of the positioning ?n and to an engagement 
connector of the main body, the pre-infusion branch is 
secured to another main seat of the positioning ?n. 

19. The module according to claim 18, Wherein the inlet 
and outlet lengths engaged to the connectors and to the main 
seats are placed in a rectilinear arrangement and are parallel 
one to the other. 
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