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(57) ABSTRACT 

The present invention provides a polymer blend for fabri 

cating a laser-Weldable article having a ?rst component of a 

material not thermally responsive to a laser beam and 

selected from the group consisting of polyole?ns, ethylene 
and loWer alkyl acrylate copolymers, ethylene and loWer 
alkyl substituted alkyl acrylate copolymers, ethylene vinyl 
acetate copolymers, polybutadienes, polyesters, polyamides, 
and styrene and hydrocarbon copolymers; a second compo 
nent of a laser responsive material having loW solubility in 
an aqueous medium and present in an amount by Weight of 

from about 20 ppm to about 2000 ppm; and the blend being 

suf?ciently thermally responsive to exposure to a laser beam 
having a Wavelength Within a range of Wavelengths from 
about 700 nm to about 1500 nm to at melt upon exposure to 

the laser beam for a short period of time. 
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LASER WELDABLE FLEXIBLE MEDICAL 
TUBINGS, FILMS AND ASSEMBLIES THEREOF 

RELATED APPLICATIONS 

[0001] This is a continuation in part of US. patent appli 
cation Ser. No. 10/061,835 ?led on Jan. 31, 2002, Which is 
currently pending, and Which is hereby incorporated herein 
by reference and made a part hereof. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to laser-Weldable 
?exible tubing that is particularly Well suited for use in the 
delivery of therapeutic solutions such as peritoneal dialysis 
solutions. 

[0004] It is knoWn to use medical containers With tubing 
for various medical procedures such as kidney dialysis, 
intravenous delivery of therapeutic ?uids, delivery of nutri 
tional ?uids; delivery of blood., blood components, and 
blood substitutes. Fluid containers and tubing are also 
Widely used in other industries such as the food industry and 
the chemical industries. 

[0005] For example, ?exible medical tubings are used in 
systems for treating renal disease. In renal failure of any 
cause, there are several physiological derangements. The 
balance of Water, minerals and the excretion of daily meta 
bolic load is no longer possible in renal failure. During renal 
failure, toxic end products of nitrogen metabolism (urea, 
creatinine, uric acid and others) can accumulate in blood and 
tissues. 

[0006] Kidney failure and reduced kidney function have 
been treated With dialysis. Dialysis removes Waste, toxins 
and excess Water from the body that Would otherWise have 
been removed by normal functioning kidneys. Dialysis 
treatment for replacement of kidney functions is critical to 
many people because the treatment is life saving. One Who 
has failed kidneys could not continue to live Without replac 
ing at least the ?ltration functions of the kidneys. Hemodi 
alysis and peritoneal dialysis are tWo types of dialysis 
therapies commonly used to treat loss of kidney function. 

[0007] In general, hemodialysis treatment removes Waste, 
toxins, and excess Water from the patient’s blood. The 
patient is connected to a hemodialysis machine and the 
patient’s blood is pumped through the machine. Catheters 
are inserted into the patient’s veins and arteries to connect 
the blood ?oW to and from the hemodialysis machine. As 
blood passes through a dialyZer in the hemodialysis 
machine, Waste, toxins, and excess Water are removed from 
the patient’s blood and the blood is infused back into the 
patient. Many tubes are used in the process that must be 
connected or disconnected. Hemodialysis treatment lasts 
several hours and is generally performed in a treatment 
center about three or four times per Week. 

[0008] Peritoneal dialysis, typically, utiliZes a dialysis 
solution, or dialysate, Which is infused into a patient’s 
peritoneal cavity. The dialysate contacts the patient’s peri 
toneal membrane in the peritoneal cavity. Waste, toxins and 
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excess Water pass from the patient’s bloodstream through 
the peritoneal membrane and into the dialysate. The transfer 
of Waste, toxins and Water from the bloodstream into the 
dialysate occurs due to diffusion and osmosis, i.e., there is an 
osmotic gradient across the membrane. The spent dialysate 
is drained from the patient’s peritoneal cavity to remove the 
Waste, toxins and Water from the patient. After the spent 
dialysis is drained, it is replaced With a fresh dialysate 
solution. 

[0009] While the present invention has application in 
connecting or disconnecting tubes for medical procedures, 
the folloWing discussion focuses, as an example, on a 
particular tube connection and disconnection processes per 
formed during peritoneal dialysis. Numerous tubes are used 
in the process that must be connected or disconnected. In 
peritoneal dialysis, patients have a catheter implanted in 
their peritoneal cavity With an end protruding from the 
patient. The protruding end of the catheter terminates With a 
section of tubing knoWn as a transfer set. The transfer set is 
typically made from a silicone material and must be peri 
odically replaced say every several months. The transfer set 
is provided to connect the patient to dialysate ?uid bags or 
discharge bags. The transfer set typically has a spike that 
connects to an access port positioned in a tube associated 
With the drain bag or dialysate solution bag (dialysate set). 
In general, the patient manually stabs the port With the spike 
to connect the transfer set to the dialysate set. The patient 
connects the tube in the transfer set to a drain to alloW spent 
dialysate ?uid to drain from the peritoneal cavity. Next, the 
patient is connected to a bag of fresh dialysate and manually 
infuses the fresh dialysate through the catheter and into the 
patient’s peritoneal cavity. When the patient completes 
treatment, the port is pulled off the spike and a cap is placed 
on the spike until the patient is ready for the next treatment. 
When the patient disconnects the catheter from the fresh 
dialysate bag, the dialysate dWells Within the peritoneal 
cavity to draW Waste, toxins and excess Water from the 
patient’s bloodstream to the dialysate solution. After the 
dWell period, the patient repeats the manual dialysis proce 
dure and drains the spent dialysate from the peritoneal 
cavity. 

[0010] Accordingly, during dialysis treatments such as 
those described above, the patient is required to connect and 
disconnect the catheter and transfer set from the ?ll or drain 
line (or tube) a number of times. Some devices are available 
today to assist the patient during the process When using 
specialiZed steriliZation equipment. HoWever, by and large, 
these connections and disconnections are performed manu 
ally. 

[0011] One such device, incorporates a heated Wafer or hot 
knife that physically contacts the tubing to cut it by melting 
the tube and joining tWo tubes together or melt-sealing the 
tube ends. Typically, heated Wafer applications involve a 
“melt and Wipe” process. In peritoneal dialysis, for example, 
a patient must drain spent dialysate or replenish his/her 
peritoneal cavity With fresh dialysate. To this end, the patient 
must connect the transfer set tubing to a tube extending from 
either a drain bag or a bag containing fresh dialysate. In one 
“melt and Wipe” process, the transfer set tubing is bent in a 
U or V-shape to ?t into a U or V-shaped tube holder. 
Similarly, the bag-side tube is bent in a U or V-shape to ?t 
into another U or V-shaped tube holder adjacent the ?rst tube 
holder. A heated Wafer moves across the space betWeen the 
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tWo tube holders and physically contacts the tubing at the 
bend junction of the U-shape or V-shape. As the heated 
Wafer contacts the tubing, it melts the tube at the bend 
junction of the U-shape or V-shape. The Wafer then Wipes 
the melted tubing material and removes the material from 
the area betWeen the tube holders. The tWo holders are 
brought together and tWo connections are made. In the ?rst 
connection, the transfer set tubing is connected to the 
bag-side tube and the dialysis process is ready to begin. In 
the second connection, the Wasted tube material from the 
transfer set tubing and the bag-side tube is connected 
together and discarded. 

[0012] In order to disconnect the patient from the bag, hot 
knives are used to cut the tube. An example of a knoWn 
disconnecting process With the hot knife involves tWo tubes 
that are placed side by side across tWo tube holders. One of 
the tubes is a short tube having tWo sealed ends. Generally, 
the tube holders include a ridge at one end of the tube holder 
to ?atten a portion of the tube to stop ?uid ?oW. The hot 
knife severs each tube into tWo pieces. After the hot knife 
cuts the tube, one of the tube holders moves in relation to the 
other tube holder. The tubing is “sWapped,” realigned With 
one of the cut portions of the short tube, and connected to 
it—thus, a disconnection is made betWeen the patient and 
the bag. 

[0013] These devices have a relatively loW level of reli 
ability due to the inconsistency in melting and cutting 
processes. This inconsistency can result in imperfect seals, 
leading to leaks, bacterial in?ltration and, ultimately, the 
patient may Well experience, among other things, infection 
or peritonitis. Also, none of these knoWn methods inspect 
the integrity of the Weld formed betWeen the tWo tube ends 
during the connection process. Thus, users must rely on their 
oWn visual inspection of the Weld. 

[0014] Moreover, these devices are not user friendly. 
Often times, patients that need dialysis treatment are visu 
ally or otherWise impaired. For example, some dialysis 
patients experience manual dexterity problems. Many of the 
knoWn processes involve a great deal of human interaction 
With loading the tubes into the tube holders. Also, the 
equipment should be cleaned and the heated Wafer replaced 
after each use to avoid contamination. Thus, this is a dif?cult 
process for visually impaired patients and those With poor 
manual dexterity. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides a polymer blend for 
fabricating a laser-Weldable article having a ?rst component 
of a material not thermally responsive to a laser beam and 
selected from the group consisting of polyole?ns, ethylene 
and loWer alkyl acrylate copolymers, ethylene and loWer 
alkyl substituted alkyl acrylate copolymers, ethylene vinyl 
acetate copolymers, polybutadienes, polyesters, polyamides, 
and styrene and hydrocarbon copolymers; a second compo 
nent of a laser responsive material having loW solubility in 
an aqueous medium and present in an amount by Weight of 
from about 20 ppm to about 2000 ppm; and the blend being 
sufficiently thermally responsive to exposure to a laser beam 
having a Wavelength Within a range of Wavelengths from 
about 700 nm to about 1500 nm to at melt upon exposure to 
the laser beam for a short period of time. 

[0016] The present invention further provides a laser 
Weldable tubing having a sideWall having a layer from a 
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polymer blend having a ?rst component of a material not 
thermally responsive to a laser beam and selected from the 
group consisting of polyole?ns, ethylene and loWer alkyl 
acrylate copolymers, ethylene and loWer alkyl substituted 
alkyl acrylate copolymers, ethylene vinyl acetate copoly 
mers, polybutadienes, polyesters, polyamides, and styrene 
and hydrocarbon copolymers. The blend has a second com 
ponent in an amount by Weight of from about 20 ppm to 
about 500 ppm of a laser responsive material having loW 
solubility in aqueous medium and the layer being suf? 
ciently thermally responsive to exposure to a laser beam 
having a Wavelength Within a range of Wavelengths from 
about 700 nm to about 1500 nm to melt a portion of the 
sideWall upon exposure to the laser beam for a short period 
of time. 

[0017] The present invention further provides a ?lm hav 
ing a layer of a ?rst blend. The blend has a polymeric 
component and a laser responsive component. The poly 
meric component is a second blend of from about 99% to 
about 50% by Weight of a ?rst component selected from the 
group consisting of: (1) ethylene and ot-ole?n copolymers 
having a density of less than about 0.915 g/cc, (2) ethylene 
and loWer alkyl acrylate copolymers, (3) ethylene and loWer 
alkyl substituted alkyl acrylate copolymers and (4) ionic 
polymers. The blend has a second component from about 
50% to about 1%. The second component is selected from 
the group consisting of: (1) propylene containing polymers, 
(2) butene containing polymers, (3) polymethyl pentene 
containing polymers, (4) cyclic ole?n containing polymers 
and (5) bridged polycyclic hydrocarbon containing poly 
mers. The ?lm is suf?ciently thermally responsive to expo 
sure to a laser beam having a Wavelength Within a range of 
Wavelengths from about 700 nm to about 1500 nm to at melt 
upon exposure to the laser beam for a short period of time. 

[0018] The present invention further provides a ?lm hav 
ing a layer of a ?rst blend of a polymeric component and a 
laser responsive component. The polymeric component is a 
second blend comprising by Weight of from about 35% to 
about 45% of a ?rst ethylene and ot-ole?n copolymer having 
a density of less than about 0.900 g/cc, from about 20% to 
about 30% of a second ethylene and ot-ole?n copolymer 
having a density of higher than about 0.900 g/cc but less than 
about 0.910 g/cc, and from about 30% to about 40% of a 
polypropylene. The ?lm is suf?ciently thermally responsive 
to exposure to a laser beam having a Wavelength Within a 
range of Wavelengths from about 700 nm to about 1500 nm 
to at melt upon exposure to the laser beam for a short period 
of time. 

[0019] The present invention further provides a laser 
Weldable multiple lumen tubing having a ?rst lumen and a 
second lumen each having a layer from a polymer blend. The 
layer has a ?rst component of a material not thermally 
responsive to a laser beam and selected from the group 
consisting of polyole?ns, ethylene and loWer alkyl acrylate 
copolymers, ethylene and loWer alkyl substituted alkyl acry 
late copolymers, ethylene vinyl acetate copolymers, polyb 
utadienes, polyesters, polyamides, and styrene and hydro 
carbon copolymers, a second component in an amount by 
Weight of from about 20 ppm to about 2,000 ppm of a laser 
responsive material having loW solubility in aqueous 
medium and the layer being suf?ciently thermally respon 
sive to exposure to a laser beam having a Wavelength Within 
a range of Wavelengths from about 700 nm to about 1500 nm 
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to melt a portion of the sidewall upon exposure to the laser 
beam for a short period of time. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a perspective vieW of a housing of an 
embodiment of the present invention. 

[0021] FIGS. 2A through 2D are perspective vieWs of a 
connection and disconnection device according to principles 
of the present invention. 

[0022] FIGS. 3A and 3B are perspective vieWs of another 
tube holder of an embodiment of the present invention. 

[0023] FIGS. 4A through 4H are schematic plan vieWs of 
the device embodiment in FIGS. 2A through 2D. 

[0024] FIGS. 5A through 5C are schematic cross-sec 
tional vieWs of an embodiment of a sealed end tube of the 
present invention. 

[0025] FIG. 6 is a schematic plan vieW of a protective ?lm 
according to principles of the present invention. 

[0026] FIG. 7 is a schematic plan vieW of another embodi 
ment of the present invention. 

[0027] FIG. 8 is a perspective vieW of an optical assembly 
of another embodiment of the present invention. 

[0028] FIGS. 9A and 9B are schematic plan vieWs of 
another embodiment of the present invention. 

[0029] FIGS. 10A and 10B are perspective vieWs of 
another embodiment of the present invention. 

[0030] FIGS. 11a, 11b and 11c are respectively cross 
sectional vieWs of a monolayer, non-PVC, laser Weldable 
tubing and a multiple layer tubing having the monolayer 
tubing as a layer therein and a multilumen tubing. 

[0031] FIG. 12 is a cross-sectional vieW of a capped 
tubing assembly. 
[0032] FIG. 13 is a cross-sectional vieW of a coupler. 

[0033] FIG. 14 is a cross-sectional vieW of a tubing and 
coupler assembly. 
[0034] FIG. 15 is a plan vieW of a medical ?uids container 
connected to a non-PVC laser-Weldable tubing. 

[0035] FIG. 16 is a cross-sectional vieW of a laser-Weld 
able tubing connected through a coupler device to a tubing 
from a transfer set. 

[0036] 
tubing. 

FIG. 17 is a cross-sectional vieW of a dual lumen 

[0037] FIG. 18 is a cross-sectional vieW of a dual lumen 
tubing With the individual lumen concentrically disposed 
With respect to one another. 

[0038] FIG. 19 is a cross-sectional vieW of a multiple 
lumen tubing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] Although the present invention can be made in 
many different forms, the presently preferred embodiments 
are described in this disclosure and shoWn in the attached 
draWings. This disclosure exempli?es the principles of the 
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present invention and does not limit the broad aspects of the 
invention only to the illustrated embodiments. 

[0040] Generally, the present invention relates to the asep 
tic connection and disconnection of tubing. Such tubing can 
be advantageously used to transfer ?uid or blood to and from 
the human body. In a preferred embodiment, the present 
invention pertains to a device that opens sealed tube ends 
and connects the opened tube ends together. Moreover, the 
device disconnects a tube and reseals the tubing. All of these 
processes use laser generated heat and provide a connection 
or disconnection that is aseptic or sterile. 

[0041] The Device 

[0042] FIG. 1 shoWs a device 10 according to an embodi 
ment of the present invention. The device 10 includes a 
housing 12 that has a front 14, a back 16, and tWo sides 18, 
20 there betWeen. The housing 12 also includes a bottom 22 
and a lid or door 24. The four sides 14, 16, 18, 20 and bottom 
22 de?ne an interior area A. TWo slots or openings 30, 32 are 
located at upper ends 34, 36 of tWo sides 18, 20 of the 
housing 12. The door 24 is hinged to the back 16 of the 
housing 12. The door 24 may be hinged in any number of 
Ways to alloW it to be easily opened and shut. The door 
includes a locking mechanism (not shoWn) to lock the door 
closed When the device is in operation. In an embodiment, 
the door 24 also has tWo slots 38, 40 that align With the slots 
30, 32 to create an area (not shoWn) for loading and 
unloading tubing 50 Which Will be described in further detail 
beloW. 

[0043] FIGS. 2A through 2D shoW the inside of the 
device 10 according to an embodiment of the present 
invention. Inside the housing 12 are tWo passageWays 52, 
54. In an embodiment, the passageWays 52, 54 are funneled. 
Each passageWay leads to a guide 56, 58. The guides 56, 58 
receive the tubing 50 and advance the tubing 50 Within the 
housing 12. The guides are, preferably, pinch rollers, hoW 
ever, various types of guides or threading devices, may be 
used. In a preferred embodiment, the guides 56, 58 crimp the 
tubing 50 as it is fed into the device 10. (See FIG. 2A, Ref. 
No. 58). This crimping purges ?uid from a portion 60 of the 
tube 50 that progresses past the guides 56, 58 into the device. 

[0044] FIGS. 2A through 2D also shoW a pair of tube 
holders 70, 72 aligned With guides 56, 58 in the housing 12. 
FIGS. 3A and 3B shoW an enlarged vieW of another tube 
holder 70 of the present invention. As shoWn in FIGS. 2A 
through 2D and 3A and 3B, each tube holder 70, 72 has a 
?rst part 74, 76 and a second part 78, 80, respectively. Each 
?rst and second part 74, 76 and 78, 80 has a recess or groove 
82, 84 that corresponds With an outer diameter B of the 
tubing 50. The ?rst part 74, 78 is movably attached to the 
second part 76, 80 via a hinge 85 or similar mechanism. 
When the tube holders 70, 72 are in the closed position, an 
aperture 90 is formed extending through the holder 70, 72. 
A diameter C of this aperture 90 is slightly smaller than the 
outer diameter B of the tube 50. In this Way, the tubing 50 
is fed through the guides 56, 58 and received in the tube 
holders 70, 72. In an embodiment, an inside surface of the 
tube holders 70, 72 is tapered (not shoWn). The aperture 90 
may be slightly tapered toWard the center of the device 10. 
In this example, the diameter C of the aperture 90 facing the 
inside of the device is smaller than a diameter of the aperture 
facing the guides 70, 72. When in the closed position, the 
tube holders 70, 72 close With sufficient force to grip, but not 






























