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(57) ABSTRACT 

A combined arterial and venous blood tubing set is provided 
for transport of blood betWeen a patient and a blood pro 
cessing unit. The set comprises an arterial set component 
comprising arterial tubing having an arterial patient connec 
tor at one end and an arterial unit connector at the other. A 
venous set component has venous tubing With a venous 
patient connector at one end and a venous unit connector at 

the other end. The arterial and venous patient connectors, 
and the arterial and venous unit connectors, are respectively, 
substantially, and releasably directly connected to each 
other. As a result of this, the arterial, and venous set 
components cooperate to form a loop. Other features of 
improved sets are also disclosed. 
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SET FOR BLOOD PROCESSING 

CONTINUING DATA 

[0001] This is a divisional application of US. Ser. No. 
09/432,555, ?led Nov. 3, 1999. 

BACKGROUND OF THE INVENTION 

[0002] The ?eld of blood processing primarily comprises 
hemodialysis and plasmapheresis, although other forms of 
blood treatment may also be used, for example, hemoper 
fusion, passing blood through adsorbent cartridges, and the 
like. To accomplish this, blood sets are used to convey blood 
from the patient to a blood processing device, and then to 
return the blood from the device back to the patient. The 
former blood set is called the arterial set, While the latter set 
is called the venous set. 

[0003] In combination, the arterial and venous sets com 
prise several yards of tubing, and thus are rather cumber 
some to handle. Furthermore, cost is of course a critical 
matter, especially When a patient has a chronic need for 
treatment as in hemodialysis, so that even small cost savings 
can add up to a substantial amount over a year or more of 

repeated usage of disposable arterial and venous sets. 

[0004] Furthermore, priming of the sets is an issue requir 
ing the skilled attention of technicians, so that any improve 
ment or simpli?cation in the priming process, and other 
processes of use of the arterial and venous sets, can be 
valuable. 

[0005] By this invention, numerous improvements to con 
ventional arterial and venous blood sets are provided for 
reduction of cost and improved ease and ef?ciency of use. 

DESCRIPTION OF THE INVENTION 

[0006] By this invention, a combined arterial and venous 
blood tubing set may be provided for the transport of blood 
betWeen a patient and a blood processing unit. The com 
bined set comprises an arterial set component Which com 
prises arterial tubing having an arterial patient connector at 
one end and an arterial unit connector at the other end. A 
venous set component of the set comprises venous tubing 
having a venous patient connector at one end and a venous 
unit connector at the other end. 

[0007] In accordance With this invention, the arterial and 
venous patient connectors, and the arterial and venous unit 
connectors, are respectively substantially and releasably 
directly connected to each other in such manner that the 
arterial and venous set components cooperate to form a loop. 

[0008] This facilitates the installation of the sets into a 
hemodialysis machine, for example, resulting in greater ease 
of installation With a saving of time. Eventually, the set 
components Wind up serving in the normal manner of 
arterial and venous sets. Even With a relatively small 
increase or improvement in ease and time saving, the 
improvement can be quite substantial particularly in the 
treatment of chronic conditions, as in most hemodialysis, so 
that the effect of the improvement in time savings can add 
up to a substantial amount over the course of a year. 

[0009] Particularly, the arterial and venous unit connectors 
may be directly connected together With a frangible seal, to 
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permit their breaking apart after the combined set has been 
primed, for subsequent connection to a blood processing 
unit. 

[0010] Thus, the fully primed arterial and venous sets may 
be directly connected to a reused dialyZer. Solution may then 
be circulated through the system With air being removed 
from the dialyZer, but no air being sent to the dialyZer 
through the primed sets, Which reduces the number of air 
bubbles being trapped Within the dialyZer itself. Air coming 
from the dialyZer Will then be typically removed by a bubble 
trap in the sets, so that it is not recirculated again to the 
dialyZer. 

[0011] By this invention, particularly Wet, reused dialyZers 
(or other blood processing devices) can be effectively 
primed to eXhibit improved performance because of a 
reduced number of trapped air bubbles Within the membrane 
system of the dialyZer. 

[0012] The arterial and venous patient connectors of the 
respective arterial and venous sets may optionally be sub 
stantially directly connected together by an interconnector 
tube to permit circulatory priming of the arterial and venous 
sets, and also to avoid the need of other end closures at the 
arterial and venous patient connectors, if the arterial and 
venous sets are supplied to the user in interconnected form 
as in this invention. 

[0013] The interconnector tube preferably comprises a 
tube having a connector such as a female luer connector at 
each end, for connection With the patient connectors of the 
arterial and venous sets. Also, the tube may have an 
attached, integral cap to close an end of the tube after 
disconnection of one of the patient connectors. Thus, one of 
the patient connectors may have its sterility preserved While 
the other patient connector is being attached to a ?stula set 
and access to the patient’s bloodstream is being obtained. 

[0014] Priming of the connected arterial and venous sets 
can be performed in a manner similar to that disclosed in 
Utterberg US. Pat. No. 5,951,870, preferably With the 
modi?cations described beloW: 

[0015] The arterial and venous sets respectively preferably 
have the substantially directly connected end connectors to 
form a closed loop as described above. One may pass 
priming solution into and through a portion of the directly 
connected arterial and venous sets in a ?rst direction that is 
reversed to the normal direction of blood ?oW through the 
sets, While removing air from one of the sets through a 
branching port from one of the sets. 

[0016] One also may pass priming solution into a second 
direction of How opposite to the ?rst ?oW direction through 
the system (Which opposite direction is the normal direction 
of How through the system) While continuing to remove air 
from the system through the port, until substantially all air 
desired is removed from the arterial and venous sets. 

[0017] Thereafter, With the How stopped temporarily the 
unit arterial and venous connectors are separated and con 
nected to the blood processing unit such as a dialyZer 
preferably With the blood outlet at the top to facilitate bubble 
removal. One then pumps the priming solution through the 
arterial and venous sets and the blood processing unit in the 
second ?oW direction (i.e., the normal ?oW direction Which 
is reversed to the ?rst ?oW direction), to ?ush the sets and 
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blood processing unit, Without passing substantial amounts 
of air into the blood processing unit. 

[0018] This method can be accomplished While pumping 
the solution With a ?oW pump such as a roller pump through 
the set, Which operates in only a single, pumped ?oW 
direction throughout the entire priming process, the normal, 
second ?oW direction described above. The ?rst ?oW direc 
tion, Which is reverse to the second ?oW direction, may take 
place by gravity ?oW if desired. Preferably, the arterial and 
venous patient connectors are substantially directly con 
nected together throughout substantially all of the perfor 
mance of the above method. 

[0019] The invention also pertains to a tubular medical 
?uid set having an in-line bubble trap chamber having a top 
Wall. The top Wall de?nes a port Which communicates With 
?oW tubing of the tubular set. The port communicates With 
a port tube Which extends into the chamber and has a tube 
end Which is spaced beloW the top Wall, and preferably 
beloW the intended blood/air interface. The tube end de?nes 
a Wall that directs ?oW out of the tube circumferentially into 
and through the bubble trap chamber. Thus, blood entering 
the chamber through the tube is directed circumferentially 
about the chamber Wall, the effect of Which is to direct 
bubbles radially inWardly, rather than doWnWard. 

[0020] The chamber also preferably de?nes a baf?e to 
convert circumferential ?oW into turbulent ?oW at positions 
above the tube end Wall and the circumferentially directed 
blood and at the blood-air interface. This prevents formation 
of a blood Whirlpool having a signi?cant, centrally 
depressed upper surface. Thus, the centrally disposed 
bubbles Will rise to the top of the chamber to join an air 
space that is typically present there, Without being sucked 
doWnWardly as Would be caused by the presence of such a 
blood Whirlpool having a centrally depressed upper surface. 

[0021] Accordingly, the ?oW pattern of blood near the top 
of the bubble trap chamber described comprises a top 
segment of largely turbulent blood ?oW, and a loWer seg 
ment of largely circumferential blood ?oW. 

[0022] As another aspect of this invention, priming of a 
tubular medical ?uid set may take place, the set having an 
in-line bubble trap chamber, preferably on the venous set. 
One passes priming solution into the tubular set preferably 
at a point pre-pump on the arterial set and bubble trap 
chamber, While WithdraWing air from the set through a port 
in an upper portion of the chamber. The port communicates 
With a port tube extending into the chamber in positions 
Which are spaced beloW a top chamber Wall. 

[0023] Further in accordance With this invention, prefer 
ably the in-line bubble trap chamber has an upper portion 
Which de?nes a port that communicates With the exterior. 
The port communicates With a port tube extending into the 
chamber, having a port tube opening spaced beloW the top 
Wall Within the chamber, to automatically de?ne a predeter 
mined air volume and liquid level in the chamber approxi 
mately at or above the tube opening as the tubular set is ?lled 
With priming solution. 

[0024] The bubble trap chamber top Wall also may de?ne 
an axially depressed portion Which, in turn, de?nes a needle 
pierceable, resealable injection site to permit an injection 
needle of at least about 1/2 inch needle length to penetrate 
said injection site and to communicate With liquid beloW 
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said liquid level Which preferably is set by the port tube 
arrangement mentioned above. 

[0025] Contrary to the prior art, this injection site carried 
on the top Wall of a bubble trap chamber resides at a loWer 
position from other portions of the top Wall, providing a 
desired inner volume under the other portions for air above 
a liquid level. In combination With this, the resealable 
injection site is carried on the axially depressed portion of 
the top Wall, so that the injection site is closer to the liquid 
level Within the bubble trap chamber, preferably permitting 
an injection needle of at least about 1/2 inch needle length to 
penetrate the injection site and to communicate With the 
liquid beloW the liquid level, While still permitting an air 
volume Within the bubble trap chamber of preferably at least 
about 4 cc.. This permits direct access to the blood by a 
conventional hypodermic needle from the top of the cham 
ber, for blood sampling from the chamber injection site, 
permitting infusion of the very expensive drug erythropoi 
etin (“EPO”), With pump ?ushing of the needle several 
times, draWing blood into the needle and out again to rinse 
all possible EPO into the set and then the patient, to avoid 
Wasting of the highly valuable material. 

[0026] Further in accordance With this invention, a tubular 
blood set for transfer of blood betWeen a patient and a blood 
treatment device has main blood ?oW tubing and a ?exible 
branch tube connected in branching relation to the main 
tubing. The branch tube is adapted for connection at its other 
end to a source of physiological, cell-free solution, as is 
conventional. 

[0027] As particularly shoWn in Utterberg et al pending 
patent application Ser. No. 09/203,274, ?led Dec. 1, 1998, 
some of the blood passing through the main blood ?oW 
tubing may extend into the branch tube to form a blood 
solution interface, so that a pressure monitor Which is also 
connected to the branch tube is protected from contact With 
blood by the presence of an amount of cell-free solution in 
the branch tube and a non-compressible, air-free pressure 
sensing path is provided through the cell free solution and 
the blood across the interface. 

[0028] In accordance With this invention, to suppress 
pressure pulses from the main blood line tending to disrupt 
the blood-solution interface, a portion of the ?exible branch 
tube is equipped With pulse suppression means. Such means 
may comprise a partially collapsible portion of the branch 
tube, a ball valve, a duckbilled valve or the like. The 
required aspects of the ?attened tube or valve are that 
relatively unrestricted ?oW is alloWed from an attached 
saline bag to the bloodline but ?oW from the blood line to the 
branch tube is suppressed progressively as the negative 
pressure in the blood line increases. To preferably accom 
plish this, the pulse-suppressing portion of the ?exible 
branch tube is substantially ?attened. Accordingly, this tube 
portion has a lumen that can and does reduce its cross 
sectional area responsive to negative pressure in that area to 
a degree substantially greater than cylindrical tubing. This 
results in the suppression of negative pressure. pulses cre 
ated by the pumping of blood through the main ?oW tubing, 
Which negative pressure pulses tend to disrupt the blood 
solution interface in the branch tube. HoWever, if the tube 
portion that is ?attened is preferably placed in the branch 
tube betWeen the blood-solution interface and the main 
blood ?oW tubing, the effect of these negative pressure 
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pulses is damped at the interface area. However, the tube 
portion, or an alternative valve, can increase its cross 
sectional area at any time responsive to positive pressure. 
Thus, if there is an urgent need to provide saline solution to 
the extracorporeal blood ?oW path in the event of a crisis, the 
tube portion or valve can expand back to its normal cylin 
drical shape or seating of the valve is less, so that increased 
solution ?oW can pass therethrough. 

[0029] The ?attened branch tube portion may comprise a 
?attened lumen cross section that de?nes a periphery having 
at least one open groove, Which is transverse to the cross 
section, to avoid complete closing of the branch tube under 
negative pressure. Furthermore, a generally cylindrical, ?ex 
ible branch tube may be used, the tube being ?attened at the 
tube portion by a removable slide clamp Which comprises a 
pair of arms de?ning a slot betWeen them. The tube portion 
resides in the slot and, as is preferable, at least one of the 
arms de?nes a transversely extending groove that forms the 
open groove in the tube portion. 

[0030] Further in accordance With this invention, a pro 
tector for a female luer connector is provided, Which com 
prises: an outer sleeve, a central transverse Wall de?ned in 
the outer sleeve, a male luer projecting axially Within the 
sleeve from the transverse Wall to engage the female luer 
connector along With the sleeve. A tube projects axially 
Within the sleeve from the transverse Wall into the direction 
opposed to the male luer. The tube and the male luer have 
connected lumens, With the tube having an outer end that is 
substantially recessed Within the sleeve. 

[0031] Accordingly, a female luer connector may be used 
as a air venting and/or drain line during priming, for 
example, With accordance With the teaching of Utterberg 
US. Pat. No. 5,951,870. HoWever, after priming, rather than 
closing off this line it can be used for the addition of 
supplemental medication, added solution, or the like because 
the female luer connector on the end can have its sterility 
retained by the protector of this invention. 

[0032] Speci?cally, the protector of this invention has an 
outer sleeve inner Wall Which has screW threads or prefer 
ably is free of screW threads. The sleeve inner Wall prefer 
ably de?nes axially extending ribs at least on the side of the 
transverse Wall that carries the male luer, to facilitate axially 
sliding connection and retention With the female luer con 
nector. Furthermore, it is preferred for the tube outer end, 
Which does not need to carry a taper like a male luer, to 
terminate at a point no more than about tWo thirds of the 
distance from the transverse Wall to the end of the outer 
sleeve Which is opposed to the male luer, so that this tube 
serves as a spout for the venting of air and priming solution, 
and is retained in aseptic condition, since it is recessed in the 
outer sleeve and thus protected. 

[0033] Also, it is preferred for a hinged cap to be attached 
to the outer sleeve in a position Which permits closure of the 
cap over the outer sleeve end that is opposed to the male luer, 
for preservation of aseptic conditions betWeen priming and 
subsequent use of the female luer connector. 

[0034] Thus, sets for blood processing are provided Which 
exhibit signi?cant distinction and advantage over the prior 
art. 

DESCRIPTION OF THE DRAWINGS 

[0035] Referring to the draWings, FIG. 1 is a plan vieW of 
a combined arterial and venous set system in accordance 
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With this invention, With the respective ends of the arterial 
and venous sets being connected together to form a closed 
loop prior to use; 

[0036] FIG. 2 is a fragmentary, perspective vieW of the 
bubble trap chamber of the venous set of FIG. 1; 

[0037] FIG. 3 is a sectional vieW taken along line 3-3 of 
the FIG. 2; 

[0038] FIG. 4 is a perspective vieW of the underside of the 
top cap of the chamber of FIG. 2; 

[0039] FIGS. 5 and 6 are perspective vieWs of a sliding 
clip utiliZed in the set arrangement of FIG. 1. 

[0040] FIG. 7 is an enlarged longitudinal sectional vieW 
taken along line 7-7 of FIG. 1; 

[0041] FIG. 7A is an enlarged sectional vieW taken along 
line 7A-7A of FIG. 1; 

[0042] FIG. 8 is an enlarged longitudinal sectional vieW 
taken along line 8-8 of FIG. 1; 

[0043] FIG. 9 is an enlarged longitudinal sectional vieW 
taken along line 9-9 of FIG. 1; and 

[0044] FIG. 10 is a partial longitudinal sectional vieW 
similar to FIG. 9 but rotated 90 degrees about the longitu 
dinal axis. 

[0045] FIG. 11 is a highly enlarged, longitudinal sectional 
vieW of a portion of the set system of FIG. 1, shoWing an 
alternative embodiment. 

[0046] FIGS. 12 and 13 are enlarged portions of FIG. 11, 
shoWing the range of motion of a valve ball. 

[0047] FIG. 14 is a sectional vieW taken along line 14-14 
of FIG. 11, With the valve ball omitted. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0048] Referring to the draWings, FIG. 1 shoWs a com 
bined arterial set and a venous set 10 for hemodialysis 
comprising arterial set 12 and venous set 14, Which sets may 
be used in the conventional manner in conjunction With a 
conventional dialyZer 16 for the performance of hemodialy 
sis. HemodialyZer 16 may be replaced With a hemoperfusion 
device or another ?oW through blood treatment device as 
may be desired. 

[0049] Arterial set 12 comprises a patient connector 18, 
Which is connected to set tubing 20, closeable by a conven 
tional pressure clamp 22. Set tubing 20 communicates With 
connector 24 for roller pump tubing 44 and having a branch 
tubing 28 extending out from connector 24. 

[0050] Branch tubing 28 connects With chamber 29, Which 
connects With tubing 30 that communicates With a pressure 
monitor 37 by connector 36. Chamber 29 also connects With 
a second branching tube 38, Which connects With a source of 
physiological priming solution 40 for priming of the set, and 
also for administration to the patient as needed during the 
dialysis procedure. 

[0051] Roller pump tubing 44 may be ?tted Within a roller 
pump system 46 for pumping of ?uid through the set system. 
Branch tubing 50 may extend from second pump tubing 
connector 48 for additional connection access to the system, 
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such as for connection to a heparin source. Connectors 24, 
48 may be as disclosed in Utterberg Pat. No. 5,360,395. 

[0052] Arterial set 12 has an additional length of tubing 52 
that extends from roller pump tubing connector 48 to arterial 
unit connector 54, Which is proportioned to connect to 
arterial end 56 of dialyZer 16. HoWever, by this invention, 
arterial unit connector 54 is integrally connected With a 
frangible seal 58 to venous unit connector 60, Which is 
adapted to connect With the venous blood port 62 of dialyZer 
16. Preferably, sleeve 63 (FIG. 10) surrounds the frangible 
section to help prevent touch contamination of the sterile 
areas during franging (breaking apart). Thus, in an initial 
condition as shoWn, unit connectors 54, 60 are initially 
connected together, being frangibly breakable along line 58, 
Which then subsequently perrnits them to be connected to the 
respective ports 56, 62 of dialyZer 16 at a desired step in the 
process of setup of a dialysis system. Each connector 54, 60 
has an integral closure cap 61. 

[0053] Unit connector 60 of venous set 14 connects With 
?exible tubing 64, and communicates into venous bubble 
rernoval chamber 66 through the top cap thereof. In normal 
?oW, blood in chamber 66 passes through ?lter 70 and into 
venous tubing 72, closeable by conventional squeeZe clamp 
74, to connect to patient venous connector 76. Both patient 
connectors 18, 76 are essentially directly connected together 
preferably prior to steriliZation of the set by the engagement 
of their respective threaded sealing caps 78, 80 by means of 
a tubular double connector tube 82, Which provides sealing 
?uid connection betWeen the respective tubular sets and 
connectors 18, 76 While perrnitting disconnection When 
desired. For example, patient arterial connector 18 may be 
disconnected from double connector 82, and then cap 84 
may pivot around to close double connector 82 to retain 
sterility in the venous patient connector 76, While arterial 
patient connector 18 is being joined to a ?stula needle, for 
example, and connection to the patient’s ?stula is being 
effected. 

[0054] In accordance With this invention, the arterial and 
venous sets 12, 14 are connected together in basically a loop 
form by the integral joining of unit connectors 54, 60 along 
frangible line 58, and by the mutual joining of arterial and 
venous patient connectors 18, 76 With double connector tube 
82. Preferably, the set may be received in this form in sterile 
condition from the manufacturer to the site Where the 
dialysis is to be performed. The system is mounted in a 
dialysis machine, without connection to dialyZer 16, in the 
closed loop condition of FIG. 1. Alternatively, connection 
may be initially made at this point betWeen unit connectors 
54, 60 and dialyZer 16, particularly When an internally dry, 
typically unused dialyZer 16 is provided. 

[0055] OtherWise, the direct connection betWeen unit con 
nectors 54, 60 may be maintained during the ?rst steps of 
prirning particularly in that situation Where dialyZer 16 has 
a Wet interior because it has been previously used, and has 
been resteriliZed by conventional processes. Prirning solu 
tion from container 40 passes through branch tubes 38, 28, 
?lling chamber 29 as Well as the rest of the arterial and 
venous set system by pumping of roller pump 46 to cause 
solution How in direction 86. If desired, simultaneously or 
sequentially in either order, solution may also How in a 
reverse direction through tube 20 per arroW 87, typically by 
gravity solution ?oW, through the connection betWeen 

Oct. 31, 2002 

patient connectors 18, 76 and through tubing 72 in direction 
87, to ?ll chamber 66 from the bottom, thus avoiding the 
trapping of air bubbles in ?lter 76, With air being vented 
through branch tubing 88. 

[0056] By this means, the respective, joined sets 12, 14 
can be substantially ?lled With prirning solution, and all 
undesired air is driven out of the set. Then, if not before, unit 
connectors 54, 60 may be separated and connected to the 
respective ports 56, 62 of dialyZer 16, and further circulatory 
How may pass through the entire system in direction 86, 
driven by roller pump 46, for the ?nal recirculation, ?ushing, 
and/or rinsing procedure prior to introduction of blood to the 
system through arterial patient connector 18 and return of 
blood through connector 76. 

[0057] Arnajor advantage for performing initial ?lling and 
priming of dialysis sets 12, 14 in the form of an intercon 
nected loop Without dialyZer 16 results from the fact that 
prirning can then take place Without the insertion of addi 
tional air through the dialyZer. A Wet dialyZer Will trap air 
bubbles in its membrane, resulting in a reduction in dialysis 
ef?ciency, so the ef?ciency is improved by ?lling the arterial 
and venous sets 12, 14 ?rst, and then connecting With 
particularly a Wet dialyZer 16 for the completion of the 
priming process, Which process may be conventionally 
performed from then on. Speci?cally, ?oW pump 46 may be 
a conventional unidirectional pump which pumps in only 
one How direction as needed throughout the entire prirning 
process. Bidirectional ?oW frorn chamber 29 may take place 
simultaneously in both directions 86 and 87 if the How rate 
of prirning solution through tube 28 is greater than the How 
rate through purnp tubing 44, the excess of the solution 
?oWing in direction 87 through tube 20 for a rapid, bidirec 
tional priming of the respective sets 12, 14. 

[0058] Referring further to FIGS. 2 through 4, venous 
bubble rernoval chamber 66 comprises a body 85, typically 
With a tubular cross section, and top cap 89, having a series 
of apertures for connection With tubing. One of such con 
nections cornprises rnain venous ?oW tubing 64, While 
another of the connections cornprises branch tubing 88, 
through Which venting of air and prirning solution may take 
place during the priming process. 

[0059] Cap 89 may also de?ne an aperture Which holds 
needle pierceable injection site 90, of conventional design 
except as otherWise described herein. Port 91 connects to 
pressure monitor line 93 (FIG. 1). 

[0060] In accordance With this invention, ?oW tubing 64 
cornrnunicates through cap 89 into communication with port 
tube 92 extending into the interior of chamber 66 and cap 89, 
having an inner tube end 94 extending beloW top Wall 96 of 
cap 89. Tube end 94 comprises a Wall (of the same reference 
number) that directs ?oW through the tube circurnferentially 
of the bubble trap chamber, through side aperture 98. Thus, 
blood in?oWing through tube 92 is directed to How around 
the inner circumference of chamber 66. 

[0061] Branch tube 88 communicates with baf?e tube 100, 
Which enters the chamber 66 through top Wall 96, and 
terminates at a level Which is preferably closer to top Wall 96 
than is aperture 98 of inlet tube 92. Thus, baffle tube 100 
communicates With the chamber interior, and also serves as 
a baffle along With tube 92 to convert circurnferential ?oW 
at its level in chamber 66 into turbulent ?oW, at positions 
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above tube end Wall 94 and aperture 98. Thus, in?oWing 
blood provides a rapidly rotating area of blood at approxi 
mately the level of aperture 98. HoWever, at areas nearer to 
top Wall 96, baf?e tube 100 and tube 92 interfere With the 
circumferential How of blood and cause turbulence, Which 
prevents formation of a blood Whirlpool having a signi?cant, 
centrally depressed upper surface. Nevertheless, the rapid, 
circumferential How of blood at the level of aperture 98 and 
slightly beloW in chamber 66 causes microbubbles in the 
blood to be driven to the center of rotation, Where the 
microbubbles can rise upWardly through the turbulent blood 
area at the level of baf?e tube 100, to collect under Wall 96 
and join in a gas bubble or air space 103 there. 

[0062] This airspace 103 is spontaneously formed during 
the priming of this set in chamber 66, Which airspace de?nes 
a liquid level 101 at about the loWer edge of baffle tube 100 
at ambient pressure. This is because air is vented out of 
baffle tube 100 and branch tube 88 during priming. Thus, 
When suf?cient air has been vented so that the blood level 
rises to reach tube 100, air venting stops. Fluid preferentially 
passes up tube 100, and the air above the loWer end of tube 
100 is trapped. Then, during operation under a positive 
pressure as provided by roller pump 46, the airspace 103 Will 
compress, and the liquid level Will rise to a degree above the 
loWer end of tube 100. Thus, the desired liquid level can be 
spontaneously formed in chamber 66 on priming. 

[0063] The air in monitor tube 93, transducer ?lter 99 and 
the pressure monitoring tubing Within the dialysis machine 
101 have a ?xed air volume. 

[0064] The position of the loWer end of baf?e tube 100 and 
the related position of opening 98, assure that enough air 
volume at ambient pressure exists in chamber 66 to prevent 
liquid entering monitor tube 93 When the system is fully 
pressuriZed at operating ?oWs. Because cross contamination 
deaths have occurred When blood from one patient broke 
through a transducer ?lter and contacted viruses from a 
previous patient using the same machine, this invention has 
great poWer to save lives. Given the air volume of various 
machines on the market, the air volume at ambient above 
tube end 100 Within chamber 66 is preferably at least 4 cc 
to attain this safety advantage. 

[0065] In another embodiment of this invention shoWn in 
FIG. 3, top Wall 96 of bubble trap chamber 66 de?nes an 
axially depressed portion 104 Which, in turn, de?nes the 
needle pierceable, resealable injection site 90. Thus, a con 
ventional injection needle of at least about 1/2 inch needle 
length can be placed through injection site 90 to penetrate 
the injection site and to communicate With liquid level 101 
Within chamber 66. As previously described, this permits 
continuous contact With the blood supply in chamber 66, so 
that EPO, for example, may be administered With pump 
?ushing, Where blood is draWn into the needle and reintro 
duced back into the chamber to rinse virtually all EPO from 
the interior of the needle and syringe, thus assuring essen 
tially a 100 percent administration of the valuable drug. Air 
volume in chamber 66 typically of at least 4 cc, in combi 
nation With the invention of depressed portion 104 for the 
position of injection site 90, can provide the combined 
bene?ts of suf?cient chamber volume for antitransducer 
protector Wet-out, and use of 1/2 inch needles as described 
above. 

[0066] Further in accordance With this invention, in FIG. 
1 second branch tubing 30 communicates With a conven 
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tional pressure monitor 37. As described in the previously 
cited patent application Ser. No. 09/203,274, it is desirable 
to connect pressure monitor 37 With an incompressible 
liquid pressure transfer path through second branch line 30, 
chamber 29, and branch line 28 Without a signi?cant amount 
of compressible gas such as air being present. At the same 
time, as described above, it is highly undesirable for blood 
to enter pressure monitor 37, Which is also connected to 
dialysis machine 101. Even if a normal protector is used, it 
is clearly better for the blood to be spaced from pressure 
monitor 37. To this end, upon priming, second branch line 30 
may be ?lled With priming solution Which remains to 
provide the incompressible liquid pressure transfer path, and 
also to space the blood from pressure monitor 37. Thus, 
upon operation of the arterial and venous sets 12 and 14 to 
transfer blood, a blood-solution interface 106 may be 
formed typically in branch line 28, so that a continuous 
liquid pathWay is provided to pressure monitor 37, Without 
the blood getting near to the monitor. 

[0067] HoWever, the pumping action of roller pump 46 
against pump tubing 44 causes an oscillation in the pressures 
in the sets, including branch lines 28, 30. Because of the 
higher density of blood relative to that of saline, this 
oscillation tends to cause the blood-solution interface 106 to 
break up, With blood mixing into the solution. To address 
this, a slide clamp 108, shoWn in FIGS. 1, 5 and 6, may be 
provided to substantially ?atten a portion of branch tube 28, 
i.e., that portion Which occupies the interior of slide clamp 
108. Slide clamp 108 is preferably positioned betWeen 
blood-solution interface 106 and connector 24. 

[0068] As shoWn in FIGS. 5 and 6, slide clamp 108 
comprises a pair of arms 110, 112 de?ning a slot 114 
betWeen them. The ?attened tube portion resides in slot 114. 
Contrary to other slide clamps, slide clamp 108 is propor 
tioned in slot 114 so that How is not completely blocked 
through tube 28, but tube 28 is merely ?attened Within clamp 
108. 

[0069] It is further preferred for at least one of arms 110, 
112, speci?cally shoWn to be arm 110, to de?ne a trans 
versely extending groove 116. Groove 116 forms in the 
?attened portion of branch tube 28 a corresponding open 
groove Which is generally parallel to the longitudinal axis of 
the branch tubing, to avoid complete closing of the branch 
tube under negative pressure. Since slide clamp 108 has a 
slot 114 of a Width Which does not completely close branch 
tubing 28, it merely puts the enclosed section of branch tube 
28 into a substantially ?attened con?guration, With the result 
that negative pressure pulses tend to cause the ?attened 
tubing to transiently and spontaneously lose lumen area by 
at least partial collapsing, thus damping the effect of the 
oscillatory pressure and preserving the integrity of precise 
blood-solution interface 106, While still permitting transfer 
of pressure in set 12 to sensor 37. 

[0070] HoWever, in the event of an emergency, Where the 
patient needs solution With utmost urgency on a life-threat 
ening basis, slide clamp 108 can be quickly removed from 
branch tube 28, and roller clamp 39 can be opened Wide for 
rapid solution administration. The ?attened portion of 
branch tube 28 can expand out to cylindrical shape again, 
and thus, it does not provide a barrier to high volume 
solution administration. Additionally, second branch tubing 
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30 can be put into action to provide added solution, by 
disconnecting it from pressure monitor 38 and connecting it 
to a neW source of solution. 

[0071] As another preferred alternative to the use of slide 
clamp 108 to stabiliZe blood-solution interface 106 in the 
presence of oscillatory pressure in the set 10, pump tubing 
connector 24 can be modi?ed as connector 24a in the 
manner illustrated in FIGS. 11-14, With slide clamp 108 
being not used. Alternatively, another connector or tube of 
branch line 28 beloW saline/air interface 106 may be modi 
?ed in equivalent manner as described beloW. 

[0072] Connector 24a connects to pump tubing 44 at one 
end and to blood ?oW line 20 at the other end as in the 
previous embodiment, and injection site 25 is provided, 
being ?lled With an elastomeric, needle piercing material. 
Transverse bore 27 communicates betWeen the central bore 
29 of connector 24a, all in a manner similar to the knoWn 
design of connector 24. 

[0073] Also, connector 24a provides a parallel connection 
to branch line 28 as in the previous embodiment. 

[0074] By Way of modi?cation, connector 24a carries a 
valve Which comprises a ball 130, Which is trapped in a 
space 134 that communicates With branch tubing 28 and 
branching bore 27. Ball valve 130 is capable of moving 
through a range of horiZontal positions (from the vieWpoint 
of FIGS. 11-13), With the extremes of movement range 
being shoWn. In FIG. 12, ball 130 is restrained from further 
movement to the left by the presence of cross bar 132, Which 
extends across an end of space 134, Which space commu 
nicates With transverse bore 27. At the right limit of motion 
of ball 130, as shoWn in FIG. 13, ball 130 is stopped from 
movement by the smaller, inner diameter of branching 
tubing 28. HoWever, as shoWn in both FIGS. 12 and 13, 
branch tubing 28 de?nes a cut-out portion 136. Thus, ball 
valve 130 has the rare characteristic of being intentionally 
disabled from completely sealing against ?oW betWeen 
transverse bore 27 and tubing 28, although ball valve 130 in 
its position of FIG. 13 constricts and reduces the magnitude 
of that How signi?cantly. 

[0075] Similarly, at the left hand position of FIG. 12, ball 
130, resting against cross bar 134, still provides an open 
channel for How of solution from solution source 40 through 
branch line 28 into transverse bore 27 and the main blood 
?oW line comprising tubing sections 20 and 44. 

[0076] The normal ?oW conditions Within connector 24a 
are generally subatmospheric or negative pressure condi 
tions, since connector 24a is upstream of pump 46. Ball 130 
oscillates back and forth as the oscillatory negative pressure 
conditions created by pump 46 are transmitted through the 
liquid to the ball. As ball oscillates into its right hand 
extreme position of FIG. 13, driven by pressure peaks of 
less negative pressure than the troughs of oscillatory pres 
sure, it suppresses the transfer of liquid upstream into branch 
tubing 28, thus suppressing the ?uid oscillations and pres 
sure pulses that tend to disrupt blood-solution interface 106. 
Nevertheless, signi?cant pressure changes in the system can 
pass through the barrier provided by ball 130 to reach 
pressure monitor 37, so that alarm conditions can be noted 
and signaled despite the How restriction provided by ball 
130, Which tends to stabiliZe blood-solution interface 106. 

[0077] If desired, the ball valve incorporating ball 130 
could be placed in branch line 28 or in the bottom of 

Oct. 31, 2002 

chamber 29. Also, a duckbill-type valve imparting similar 
?oW characteristics, or other valves, could be used. 

[0078] Thus, the folloWing effects are achieved: 

[0079] 1. Relatively free How of saline from tube 30 
to arterial line 12 When I.V. clamp 31 is opened. This 
is for the reason of quickly alleviating hypotensive 
episodes Whenever they occur (as Well as for rapid 
priming of the set to save the nurse time). Thus, the 
valve should be in an open position Whether the 
driving pressure is only the head pressure of the 
saline bag 40 vs a near ambient pressure in the blood 
line (When blood pump 46 is off or ?oWing sloWly) 
or When the driving pressure is high because the 
bloodline pressure is heavily negative due to the 
sucking of rapidly ?oWing bloodpump 46 against the 
restriction of the arterial ?stula needle (not shoWn). 

[0080] 2. Suppression of blood pressure pulse When 
I.V. clamp 31 is closed and blood pump 46 is 
?oWing. At loW ?oWs the pulse is neither strong or 
rapid and so the valve doesn’t have to seat strongly 
(i.e. ?uid can pass from the arterial line 12 to the IV. 
line 28). Because the density of blood is greater than 
saline, the saline/blood interface 106 Without inter 
vention breaks doWn as the pulse quickens and 
hammers With increasing force. Thus, as the blood 
pump 46 quickens its rotor speed (quicker pulses) 
and the blood pressure becomes more negative 
(higher ?oWs sucking through the ?stula needle) the 
force and the pace of the pressure pulse quickens. 
Further, at loW ?oWs and pressures the “volume” of 
the pulse is small so ?uid passing back through the 
valve does not harm the blood/saline interface or 
move its position. 

[0081] At high ?oWs, the valve ball 130 seats someWhat 
more securely. It still passes ?uid in order for the correct 
pressure to be read at transducer ?lter 36 (timed delayed 
because of the pulse suppression), but not so much as to give 
the blood pulse enough force and inertia to destroy the 
blood/saline interface. It should be noted that the pulse is 
typically from a higher negative to a loWer negative pres 
sure, rather than from a negative to a positive pressure. 

[0082] Further in accordance With this invention, venting 
line 88 may carry a connector 110 such as a female luer 

(FIGS. 1 and 7), Which, by this invention, may be subse 
quently used for other purposes by retention of its aseptic 
condition While being used for venting. For example, it also 
can be connected to a solution or blood container in the 
event of an emergency. 

[0083] A protector 112 is provided for connector 110, 
Which protector comprises an outer sleeve 114, and a central, 
transverse Wall 115 de?ned in outer sleeve 114. A male luer 
116 projects axially Within sleeve 114 from transverse Wall 
115 to engage the female luer connector 110 along With 
sleeve 114, so that the female luer connector 110 is enclosed 
Within and Without. Atube 118 projects axially Within sleeve 
112 from the transverse Wall 115 in the direction opposed to 
male luer 116, the tube and male luer having connected 
lumens 120. Tube 118 has an outer end that is substantially 
recessed Within the sleeve 114. Thus, aseptic conditions can 
be retained as air and priming solution pass through tube 88 
during priming and out of female luer 110, due to the 
protective action of the protector of this invention. 
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[0084] It should be noted that sleeve 114 may have an 
inner Wall Which is free of screw threads, but rather de?nes 
axially extending ribs 122 to facilitate axially sliding con 
nection and retention With luer connector 110. Also, a hinged 
cap 124 may be attached to outer sleeve 114 in a position 
Which permits closure of the cap over the outer sleeve end 
126 that is opposed to the male luer 116, to surround and seal 
it. 

[0085] By this means, the female luer connector 110, even 
though Wet, can be aseptically protected so that it can be 
reused in another function during the blood treatment pro 
cess if needed. 

[0086] The above has been offered for illustrative pur 
poses only, and is not intended to limit the scope of the 
invention of this application, Which is as de?ned in the 
claims beloW. 

1. A combined arterial and venous blood tubing set for 
transport of blood betWeen a patient and a blood processing 
unit, said set comprising an arterial set component compris 
ing arterial tubing having an arterial patient connector at one 
end and an arterial unit connector at the other end; and a 
venous set component comprising venous tubing having a 
venous patient connector at one end and a venous unit 
connector at the other end, said patient connectors and said 
unit connectors being respectively connected together, at 
least one of said arterial and venous patient connectors and 
said arterial and venous unit connectors being respectively 
substantially and releasably directly connected to each other 
With a frangible seal, to permit breaking apart after set 
priming for subsequent further connection, Whereby said 
arterial and venous set components cooperate to form a loop. 

2. A combined arterial and venous blood tubing set for 
transport of blood betWeen a patient and a blood processing 
unit, said set comprising an arterial component and a venous 
component each having a connector on at least one end 
thereof, the respective connectors being directly connected 
to each other With a frangible seal to permit ?uid ?oW 
betWeen said arterial component and said venous component 
through said sealed connectors, to permit breaking apart of 
said connectors after set priming for further connection. 

3. A protector for a female luer connector, Which com 
prises: an outer sleeve, a central transverse Wall de?ned in 
said outer sleeve, a male luer projecting axially Within said 
sleeve from said transverse Wall to engage said female luer 
connector Within the sleeve; a tube projecting axially Within 
said sleeve from said transverse Wall in the direction 
opposed to said male luer, said tube and male luer having 
connected lumens, said tube having an outer end that is 
substantially recessed Within said sleeve. 

4. The protector of claim 3 in Which said sleeve has an 
inner Wall free of screW threads. 

5. The protector of claim 4 in Which said sleeve inner Wall 
de?nes axially extending ribs to facilitate axially sliding 
connection and retention With a female luer connector. 

6. The protector of claim 3 in Which said tube outer end 
terminates at a point no more than about tWo thirds of the 
distance from the transverse Wall to the end of the tube 
opposed to said male luer. 

7. The protector of claim 6 in Which a hinged cap is 
attached to said outer sleeve in a position permitting closure 
of said cap over the outer sleeve end that is opposed to said 
male luer. 

Oct. 31, 2002 

8. The protector of claim 3 in Which said sleeve has an 
inner Wall free of screW threads, said inner Wall de?ning 
axially extending ribs to facilitate axially sliding connection 
and retention With a female luer connector, said tube outer 
end terminating at a point no more than about tWo-thirds of 
the distance from the transverse Wall to the end of the tube 
opposed to said male luer. 

9. The protector of claim 8 in Which a hinged cap is 
attached to said outer sleeve in a position permitting closure 
of said cap over the outer sleeve end that is opposed to said 
male luer. 

10. A set for the transport of blood betWeen a patient and 
a blood processing unit, said set comprising a ?rst length of 
?exible tubing having a connector and a second length of 
?exible tubing having a connector, the respective connectors 
being substantially and releasably directly connectable to 
each other With a frangible seal, to permit breaking apart 
after set priming for subsequent further connection. 

11. The set of claim 10 in Which said said connectors 
comprise a luer type con?guration Which are each connect 
able to a corresponding luer connector. 

12. A tubing set for connection to a medical device 
comprising: 

a ?rst tubing segment; 

a second tubing segment; 

and a connector connecting said ?rst tubing segment to 
said second tubing segment; 

said connector comprising 

a ?rst connector end connected to said ?rst tubing 
segment; 

a second connector end connected to said second tubing 
segment; 

Whereby said ?rst and second connector ends are 
connected to each other With a Weakened area dis 
posed betWeen the ?rst and second connector ends 
Whereby the Weakened area can be broken for dis 
connection of the ?rst and second connector ends 
from each other so that each of said ?rst and second 
connector ends may be connected to a medical 

device; 

the ?rst connector end and the second connector end 
further comprising a luer type con?guration Which 
are each connectable to a corresponding luer type 
connection mechanism on a medical device. 

13. A breakapart connector for connecting tubing to a 
medical apparatus, said connector comprising a ?rst con 
nector end connectable to a ?rst tubing segment and a 
second connector end connectable to a second tubing seg 
ment said ?rst and second connector ends being integrally 
connected to each other and a Weakened area betWeen the 
?rst and second connector ends Whereby the Weakened area 
can be broken for disconnection of the ?rst and second 
connector ends from each other so that each respective 
connector end may be connected to a medical apparatus; 
Wherein each of the ?rst and second connector ends each 
comprise a luer type connection con?guration Which is 
connectable to a corresponding luer type connection mecha 
nism on the respective medical device. 
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14. A method for separating tWo tubing segments con 
nected to each other by a connector having a weakened area 
for connection of each tubing segment to a medical appa 
ratus the method comprising: 

breaking the connector into ?rst and second connector 
ends; 

attaching each connector end on each tubing segment to 
a respective medical apparatus; 

Wherein each connector end has a luer connector con?gu 
ration and the step of attaching comprises attaching 
each connector end through the luer connector. 

15. A method for separating tWo tubing segments con 
nected to each other by a connector having a Weakened area 
for connection of each tubing segment to a medical appa 
ratus the method comprising: 

breaking the connector into ?rst and second connector 
ends; 
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attaching each connector end on each tubing segment to 
a respective medical apparatus; 

Wherein the step of attaching further comprises attaching 
each connector end to respective parts of a dia1yZer. 

16. A method for separating tWo tubing segments con 
nected to each other by a connector having a Weakened area 
for connection of each tubing segment to a medical appa 
ratus, the method comprising: 

breaking the connector into ?rst and second connector 
ends; and 

attaching each connector end on each tubing segment to 
a respective medical apparatus; 

Wherein the step of attaching further comprises attaching 
each connector end to a needle or cannula for attach 
ment to a patient. 

* * * * * 


