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REDUCTION OF RECIRCULATION IN 
CATHETERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

0002) Not applicable. 

REFERENCE TO A COMPACT DISKAPPENDIX 

0003) Not applicable. 

BACKGROUND OF THE INVENTION 

0004. In various medical situations there is a need to 
divert blood from the circulatory system and then later 
reintroduce the removed blood back into the circulatory 
System. For example, patients with renal problems may 
require hemodialysis to Stay alive. In Such a situation, due to 
the fact that the patient's kidney is not functioning properly 
to remove biological waste from the patient's circulatory 
system, the blood must be removed from the patient and 
treated outside the body to remove the biological wastes, and 
then returned to the circulatory System. A common approach 
is to introduce a dual lumen catheter into a blood vessel 
within the patient's body. The catheter has one lumen for 
removing blood and another lumen for reintroducing the 
processed blood back into the patient's circulatory System. 
The dual lumen catheter allows access to the circulatory 
System to be established through a single insertion site, and 
therefore minimize Surgical trauma and decrease potential 
for infection and other complication. 
0005 For example, a dual lumen catheter may be inserted 
into the patient's Superior Vena cava via the Subclavian vein, 
external jugular vein or the internal jugular vein. A Small 
incision is made to locate the desired vessel for insertion of 
the catheter. A Second incision is made at the desired exit site 
of the catheter, usually in the area between the nipple and 
Sternal border. A tunneler may then be used to tunnel the 
distal section of the catheter from the exit site to the vessel 
entry Site. The Surgeon locates the desired vein and inserts 
the distal end of the catheter into it. The Surgeon then 
advances the catheter along the vessel until the distal end of 
the catheter is inside the Superior Vena cava. Micropuncture 
Sets, Syringes, microinstroducer guidewires, and other Sur 
gical tools for catheter placement, which are well known to 
one of ordinary skill in the art, may be implemented to 
facilitate the catheter insertion and advancement process. 
After the catheter is inserted inside the Superior Vena cava, 
the position of the distal tip of the Venous catheter may then 
be adjusted. For example, Some Surgeons prefer to position 
the distal tip of the catheter just above the right atrium. Once 
the catheter is put in place, the proximal end of the catheter 
may then be connected to a hemodialysis machine, which 
may then extract blood from the patient’s body through the 
catheter, process the blood, and then return the processed 
blood back into the patient's body through the implanted 
catheter. 

0006 Examples of various catheters for extracting and/or 
introducing blood into a patients circulatory System are 
disclosed in U.S. patent application, Publication No. 2002/ 
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0188167 A1, entitled “MULTILUMEN CATHETER FOR 
MINIMIZING LIMB ISCHEMIA” published Dec. 12, 
2002; U.S. patent application, Publication No. 2003/ 
0032918 A1, entitled “CATHETER” published Feb. 13, 
2003; U.S. Pat. No. 4,563,180, titled “HIGH FLOW CATH 
ETER FOR INJECTING FLUIDS” issued to Jervis et al., 
dated Jan. 7, 1986; U.S. Pat. No. 4,863,441, titled 
“VENOUS RETURN CATHETER” issued to Lindsay et al., 
dated Sep. 5, 1989; U.S. Pat. No. 5,616,137, titled “LOW 
VELOCITY AORTIC CANNULA" issued to Lindsay, dated 
Apr. 1, 1997; U.S. Pat. No. 5,643,226, titled “LOW 
VELOCITY AORTIC CANNULA” issued to Cosgrove et 
al., dated Jul. 1, 1997; U.S. Pat. No. 5,685,865, titled “LOW 
VELOCITY AORTIC CANNULA” issued to Cosgrove et 
al., dated Nov. 11, 1997; U.S. Pat. No. 5,769,828, titled 
“TWO-STAGE VENOUS CANNULA WITH EXPAND 
ABLE REINFORCING MEMBER issued to Jonkman, 
dated Jun. 23, 2998; U.S. Pat. No. 5,989,206, titled “APPA 
RATUS AND METHOD FOR THE DIALYSIS OF 
BLOOD' issued to Prosl et al., dated Nov. 23, 1999; U.S. 
Pat. No. 6,280,423 B1, titled “HIGH FLOW RATE DIALY 
SIS CATHETERS AND RELATED METHODS issued to 
Davey et al., dated Aug. 28, 2001; U.S. Pat. No. 6,387,087 
B1, titled “AORTIC CANNULA' issued to Grooters, dated 
May 14, 2002; U.S. Pat. No. 6,540,714 B1, titled “BLOOD 
VESSEL CATHETER issued to Quinn, dated Apr. 1, 2003; 
and U.S. Pat. No. 6,582,409 B1, titled “HEMODIALYSIS 
AND VASCULAR ACCESS SYSTEMS” issued to Squit 
ieri, dated Jun. 24, 2003; each of which is incorporated 
herein by reference in its entirety. 
0007 Although a dual lumen hemodialysis catheter has 
various advantages, there may be problems associated with 
Some dual lumen designs, Such as recirculation of blood. 
Because the outflow port(s) and inflow port(s) are both 
located at the distal Section of the catheter, a portion of the 
processed blood exiting the outflow port may be recaptured 
by the Suction at the inflow port and then processed again. 
If a large amount of blood is being recirculated and redun 
dantly processed, the efficiency of the hemodialysis process 
may be significantly decreased. The amount of recirculation 
may also be affected by turbulence and various fluid dynam 
ics at the distal end of the catheter due to the environment 
Surrounding the distal portion of the catheter. 
0008. Therefore, a catheter that is configured to decrease 
recirculation of blood flow may provide substantial benefits, 
Such as improving the efficiency of the hemodialysis treat 
ment proceSS and decreasing treatment time for the patient. 
Furthermore, a catheter tip designed to minimize the outflow 
fluid's impact on the existing flow dynamics of the normal 
circulatory flow may also be desirable. In addition, a cath 
eter tip having a low fluid outflow profile (e.g. low flow 
Velocity exiting the catheter) may be implemented in various 
other medical applications where low velocity fluid outflow 
from a catheter is desired. 

BRIEF SUMMARY OF THE INVENTION 

0009. Accordingly, described herein is a catheter having 
a distal tip designed to decrease the outflow velocity of fluid 
being delivered by the catheter. In one variation, Side holes 
are provided at the distal portion of the catheter to prevent 
jetting of fluids. In another variation, the distal portion of the 
catheter, where fluid exits the catheter, has an enlarged 
croSS-Sectional area relative to the croSS-Sectional area of a 
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lumen in the proximal portion of the catheter. In yet another 
variation, the catheter has a bullet shaped nose at the distal 
end of the catheter tip. Radially patterned openings may also 
be provided on the bullet shaped nose to serve as outflow 
orifice. 

0.010 The low outflow profile catheter tip may be imple 
mented in a catheter having two or more lumenS. For 
example, a low outflow profile catheter tip may be utilized 
in a hemodialysis catheter. In one variation, the hemodialy 
sis catheter comprises two lumens where the orifice for each 
of the lumens at the distal portion of the catheter is Staggered 
along the length of the catheter. The orifice at the distal end 
of the hemodialysis catheter may be configured with a low 
outflow profile tip. The low outflow profile tip may decrease 
the outflow velocity of fluid being infused through the 
catheter Such that the infusion of fluid causes minimal 
disruption on the existing circulatory flow within the 
patient's circulatory System. For example, the distal end of 
the hemodialysis catheter may be positioned in or close to 
the atrium of the patient's heart. A low outflow profile tip 
may be implemented to decrease the outflow velocity of 
blood being infused through the catheter such that the 
outflow of blood from the catheter does not cause significant 
disruption on the vortex flow that naturally occurs within the 
atrium of the heart. By minimizing the disruption on the 
Vortex flow in the atrium, one may decrease the mixing of 
newly infused blood with the existing venous blood (i.e., 
“dirty blood”), thus reducing the recirculation of the pro 
cessed blood being infused by the catheter. 
0011. It has also been observed that a large flow velocity 
differential, between the velocity of the out flowing infused 
blood and the velocity of the natural blood flow in the vessel, 
may promote the formation of thrombosis at the distal tip of 
the catheter. By reducing the velocity of the blood flowing 
out of the catheter, the flow velocity differential between the 
natural and infused flow may be decreased, and this may 
decrease the thrombus formation at the distal tip of the 
catheter. Furthermore, the shape of the catheter tip may be 
configured to create a uniform flow Velocity acroSS the entire 
croSS-Section directly distal to the catheter tip. Having 
multiple branching with increasing lumen cross-section 
within the catheter tip, the outflow of fluids may be dis 
persed into a larger croSS-Sectional flow and thus decrease 
the flow velocity. It may be desirable to control the disper 
sion such that a uniform flow velocity may be achieved 
directly distal to the catheter tip. Preferably, the dispersion 
is wide enough to provide sufficient reduction in overall flow 
Velocity, but not too wide as to create a dead Spot at the nose 
of the bullet shaped catheter tip. 
0012. In addition, the aspiration lumen opening of the 
dual lumen hemodialysis catheter may also be configured in 
a radial-pattern having a cross-sectional area equal or greater 
than the proximal portion of the aspiration lumen. This 
design may reduce the peak Velocities of the blood flow as 
it enters the catheter. One of ordinary skill in the art would 
appreciate that the “dirty blood” flowing down the major 
axis of the catheter must reverse direction as it enters the 
aspiration lumen of the catheter. This tends to cause high 
Shear StreSS around the fluid entry point. In a traditional 
“staggered dual-D' design catheter, this high StreSS at the 
fluid entry point may lead to the formation of thrombosis. 
The thrombus formation may result in the occlusion of the 
lumen opening and reducing the effective life of the catheter. 
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However, with a radial-pattern design and increased croSS 
Sectional area at the aspiration lumen openings, one may 
reduced the peak Velocities as the blood changes direction 
and enters the catheter. By decreasing the peak inflow 
Velocity, one may decrease the likelihood of thrombus 
formation at the fluid entry point. Furthermore, a design 
having greater cross-sectional areas and/or multiple open 
ings for the aspiration lumen may accommodate the occa 
Sion when the catheter comes into contact with the vessel/ 
atrium wall and one or Several openings are blocked. One of 
ordinary skilled in the art, having the benefit of the disclo 
Sure herein, will appreciate that the number, shape (e.g., 
tapered shaped, etc.), and size (e.g., length of the opening, 
etc.) of the lumen openings can be configured to achieve the 
desired maximum flow Velocity and/or fluid shear StreSS. 
0013 Methods for decreasing recirculation, and devices 
for implementing Such methods are also disclosed. In one 
variation, a dual lumen hemodialysis catheter having two 
flow ports Staggered along the length of the catheter is 
configured Such that the distance between the inflow port 
and the outflow port is increased to prevent blood being 
infused through the outflow port being recaptured by the 
Suction at the inflow port. Each of the ports may comprise 
of one or more orifice. Various tip configurations or orifice 
Structures may be implemented at each of the ports to 
provide the desired fluid flow profile. Placement of the 
inflow and outflow ports at Specific locations within the 
circulatory System to reduce recirculation of the blood is 
also contemplated. Variations of the device disclosed herein 
may be implemented in medical applications where catheter 
with low outflow profile is desirable. In Some applications, 
one may design a catheter with a specific Outflow profile that 
meets the needs of a particular medical application. Various 
design features described herein may also be implemented in 
a multi-lumen catheter to reduce recirculation of fluid being 
infused by the catheter. 
0014. These and other embodiments, features and advan 
tages of the present invention will become more apparent to 
those skilled in the art when taken with reference to the 
following more detailed description of the invention in 
conjunction with the accompanying drawings that are first 
briefly described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1A is an isometric view of one variation of a 
catheter with a tip configured to reduce the outflow Velocity 
of fluids flowing through the catheter. The distal portion of 
the catheter is shown. 

0016 FIG. 1B shows the isometric view of the catheter 
from FIG. 1A sectioned through the lumen of one of the 
openings. 

0017 FIG. 1C shows the isometric view of the catheter 
from FIG. 1A sectioned between the lumen openings. 
0018 FIG. 1D illustrates one variation of a lumen con 
figuration where a plurality of Secondary channels branches 
off a primary channel forming a larger croSS-Sectional flow 
area along the length of the channels after the bifurcation. 
0019 FIG. 2A is an isometric view of one variation of a 
dual lumen catheter with lumens and ports configured to 
reduce the outflow velocity of fluids flowing through the 
catheter. The distal portion of the catheter is shown. AS Seen 
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in FIG. 2A, "D' depicts the distance between the distal ports 
(at the tip of the catheter) and the proximal ports. 
0020 FIG. 2B shows the isometric view of the catheter 
from FIG. 2A sectioned through the lumen of one of the 
openings. 

0021 FIG. 2C shows the isometric view of the catheter 
from FIG. 2A sectioned between the lumen openings. 
0022 FIG. 3 shows another variation of a dual lumen 
catheter where the two lumens are positioned Side by Side 
and the distal openings of the lumens are Staggered along the 
length of the catheter. 
0023 FIG. 4 shows yet another variation of a dual lumen 
catheter where the two lumens are positioned coaxially and 
the distal openings of the lumens are located one after the 
other along the length of the catheter. 
0024 FIG. 5 illustrates a typical electrocardiogram of an 
entire electrical cardiac cycle. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.025 The following detailed description should be read 
with reference to the drawings, in which like elements in 
different drawings are identically numbered. The drawings, 
which are not necessarily to Scale, depict Selected preferred 
embodiments and are not intended to limit the Scope of the 
invention. The detailed description illustrates by way of 
example, not by way of limitation, the principles of the 
invention. This description will clearly enable one skilled in 
the art to make and use the invention, and describes Several 
embodiments, adaptations, variations, alternatives and uses 
of the invention, including what is presently believed to be 
the best mode of carrying out the invention. 
0026. Before describing the present invention, it is to be 
understood that unless otherwise indicated this invention 
need not be limited to applications in human. AS one of 
ordinary skill in the art would appreciate, variation of the 
invention may be applied to other mammals as well. More 
over, while a dual lumen hemodialysis catheter is used 
herein as an example application to illustrate the function 
ality of the different aspects of the invention disclosed 
herein, it should be understood that embodiments of the 
present invention may be applied to a variety of catheters, 
including catheters having a Single lumen, and catheters 
having two or more lumens. In addition, the invention may 
be adapted for connection to the distal end of a catheter to 
change the outflow profile of the catheter. It must also be 
noted that, as used in this specification and the appended 
claims, the singular forms “a,”“an” and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, the term "a lumen” is intended to mean a single 
lumen or a combination of lumens, "a liquid” is intended to 
mean one or more liquids, or a mixture thereof. 
0027. In one aspect of the invention, the catheter tip is 
designed to reduce the fluid outflow velocity at the catheter 
tip relative to the fluid flow velocity inside the lumen along 
the length of the catheter. In one variation, the catheter is 
designed with a larger total cross-sectional flow at the 
catheter tip relative to the cross-sectional flow of the lumen 
along the length of the catheter. This may be achieved by 
increasing the diameter of the catheter (thus, increasing the 
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cross-sectional area of the catheter lumen) near the distal tip 
from which the fluids exit the catheter. Alternatively, the 
opening for fluid outflow may be increased, or Side holes 
may be added around the distal end of the catheter. In yet 
another variation, the design combines the features of 
increasing croSS-Sectional area of the lumen at the distal 
portion of the catheter and adding Side holes near the distal 
tip of the catheter. 
0028. In another aspect, a catheter tip is designed to 
reduce the momentum of the outflow fluid in the axial 
direction distal to the tip of the catheter. In one variation, at 
least part of the outflow fluid is directed at an angle away 
from the axial direction. Abullet shaped nose, or a spherical 
or elliptical profiled tip, may be provided at the distal end of 
the catheter. Side holes may be incorporated into the curved 
or angled profile along the tip of the nose. One or more of 
the angled Side holes may direct all or part of the outflow 
fluid to flow in a direction away form the axial direction 
distal to the catheter tip. In one example, a plurality of Side 
holes are provided in a radial fashion around the profiled tip 
at the distal end of the catheter. In another variation, an axial 
opening at the distal end of the catheter is provided along 
with the side holes for fluid outflow. In yet another variation, 
the distal tip is configured without the axial opening and a 
plurality of angled Side holes is provided to direct the 
outflow of fluids in multiple directions which are angled 
relative to the central axis along the length of the catheter. 
0029. In one example, the distal end 2 of the catheter 4 is 
designed with a bullet nose having a radial array of openings 
8 angled to interSect with the center lumen of the catheter as 
shown in the view of FIG. 1A. In this variation, the distal 
Section 10 of the catheter 4, as shown, has a diameter in the 
range of approximately 3 to 7 mm, and the proximal Section 
12 of the catheter has a diameter in the range of approxi 
mately 2 to 6 mm, although it should be appreciated that a 
wide range of diameters would be within the scope of the 
present invention. In a preferred embodiment the proximal 
Section 12 of the catheter is approximately 4 mm and the 
distal section 10 is approximately 4.5 mm. The catheter tip 
6 may be configured Such that the combined cross-sectional 
area of the openingS 8 is larger than the croSS-Sectional area 
of the center lumen of the catheter 4. As seen in FIG. 1A, 
the distal section 10 of the catheter 4 has a larger diameter 
than the proximal section of the catheter 4. However, one of 
ordinary skill in the art would appreciate that the catheter 4 
may also be constructed to have the same diameter between 
the distal 10 and the proximal 12 sections. For example, one 
may increase the diameter of the catheter at the proximal 
Section 12 and Still maintain the desired functionalities. 

0030 FIG. 1B is an isometric view of the catheter tip 6 
Sectioned through the lumen of one of the openingS 8. AS 
seen in FIG. 1B, a primary channel 22 is provided to direct 
fluid flow from the proximal end 24 of the catheter to the 
distal end 2 of the catheter. A fluid may be injected into the 
proximal end 24 of the primary channel 22 and forced to 
flow toward the distal end 26 of the primary channel 22. At 
the distal end 26 of the primary channel 22, the fluid is 
diverted into a plurality of secondary channels 28 that 
branch from the primary channel 22. The fluid thus is 
directed to flow in multiple directions. The angle of the 
secondary channels 28 relative to the central axis of the 
catheter may be adjusted during the design process to divert 
the flow in the desired directions. In this design variation, 
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none of the Secondary channels are aligned with the central 
axis of the catheter Z, as shown in FIG. 1B. However, in 
another variation, one of the Secondary channels 28 may 
extend distally from the primary channel 22 Such that it is 
aligned with the central axis Z along the length of the 
catheter. 

0031 FIG. 1C shows the isometric view of the catheter 
tip 6 sectioned between the lumen openings. FIG. ID illus 
trates one possible configuration of primary 22 and Second 
ary 28 channels. In this configuration, four Secondary chan 
nels 28 branch from the distal end 26 of the primary channel 
22. Preferably, each of the secondary channels 28 has a 
smaller diameter at the proximal end 32 than the distal end 
34. Thus, the cross-sectional area within each Secondary 
channel is progressively larger from the proximal end 32 
towards the distal end 34. As seen in FIG. 1D, the combined 
croSS-Sectional area of the four Secondary channels 28 at the 
distal end 34 is larger than the cross-sectional area of the 
primary channel 22. Although in this example, the four 
Secondary channels 28 are the same size, one of ordinary 
skill in the art would appreciate that a catheter with a 
plurality of Secondary channels having varying diameters 
may be also constructed. 
0032. In other variations, the catheter tip may be config 
ured with two, three, four, or more openings for fluid outflow 
depending on design needs, as one of ordinary skill in the art 
would appreciate in light of the present disclosure. In other 
variations, the tip of the catheter may have an overall profile 
that is circular, polygonal, or elliptical based, or may have a 
generally hemispherical or Semispherical shape. Other 
shapes or geometries that tend to promote laminar flow at the 
distal end of the catheter may also be implemented as the 
catheter tip. In addition, one may construct a catheter having 
2, 3, 4, or more Secondary channels. 
0033. In another variation, the bullet shaped tip and radial 
openings 8 are implemented in a dual lumen catheter 42 
having a co-axial lumen design, as shown in FIG. 2A. In this 
variation the catheter has a diameter in the range of approxi 
mately 3 to 7 mm, although again, it should be appreciated 
that a wide range of diameters would be within the Scope of 
the present invention. The bullet nose 44 has a radial array 
of openings 8 angled to intersect with the center (i.e., inner) 
lumen 22 of the catheter. The catheter tip may be configured 
Such that the combined cross-sectional area of the openings 
8 is larger than the cross-sectional area of the center lumen 
22 of the catheter 42. The annular (i.e., outer) lumen 46 of 
the catheter terminates in a radial array of tapered slots 48 
on outer circumference at the distal portion 50 of the 
catheter. The tapered slots 48 may be configured such that 
the cumulative cross-sectional area of the slots 48 is greater 
than the cross-sectional area of the annular lumen 46. FIG. 
2B is an isometric view of the dual lumen catheter 42 
sectioned through the lumen of one of the openings 8. FIG. 
2C is an isometric view of the dual lumen catheter 42 
sectioned between the lumen openings 8. Similar to the 
Single lumen catheter design, the dual lumen catheter design 
may be configured with various number of openings. Vari 
ous shapes and geometries that tend to promote laminar flow 
at the distal end of the catheter may also be implemented. 
The openings to the annular lumen may be configured with 
various shapes and varying in numbers. 
0034. The radial array of openings at the tip of the 
catheter may serve to reduce exit Velocity of fluid around the 

Jan. 5, 2006 

catheter tip relative to the flow velocity at the inner lumen 
of the catheter. In one variation, the catheter tip is designed 
to reduce the exit velocity by 25% or more relative to the 
Velocity inside the primary catheter lumen. In another varia 
tion, the catheter tip is designed to reduce the exit Velocity 
by 50% or more relative to the velocity inside the primary 
catheter lumen. In yet another variation, the catheter tip is 
designed to reduce the exit velocity by 75% or more relative 
to the Velocity inside the primary catheter lumen. For 
hemodialysis catheter application where the tip of the cath 
eter is intended to be placed either inside the right atrium or 
within the Superior Vena cava, preferably, the catheter is 
configured Such that the exit Velocity around the catheter tip 
is reduced to approximately 50 inches per Second or less, 
more preferably the catheter is configured Such that the exit 
Velocity around the catheter tip is reduced to approximately 
30 inches per Second or less, and even more preferably the 
catheter is configured Such that the exit Velocity around the 
catheter tip is reduced to approximately 15 inches per 
Second or less. 

0035. As seen in the earlier examples, the radial opening 
design at the tip of the catheter may be combined with the 
bullet nose or other profiled nose design to achieve low exit 
flow velocity and minimize disruption to the laminar flow 
around the distal end of the catheter. In light of the disclosure 
herein, one of ordinary skill in the art would appreciate that 
the size and number of openings may be tailored to create 
catheters with Specific outflow profile matching pre-defined 
parameters. For example, the shape of the radial openings 
may be configured to minimize pressure drop of flow rates 
within each opening. In one variation, tapered shaped slots 
are utilized in an attempt to equalize the pressure drop along 
the length of the openings. 

0036 When the combined cross-sectional area of the 
openings, which are connected to a common lumen, is larger 
than the cross-sectional area of the common lumen, the flow 
Velocity inside the openings may, as a result, be lower than 
the flow velocity inside the common lumen. Preferably, the 
combined cross-sectional area of the openings is at least 
10% larger than the croSS-Sectional area of the common 
catheter lumen; more preferably the combined croSS-Sec 
tional area of the opening is at least 30% larger than the 
croSS-Sectional area of the common catheter lumen; yet more 
preferably the combined cross-sectional area of the openings 
is at least 50% larger than the common catheter lumen; even 
more preferably the combined cross-sectional area of the 
openings is at least 100% larger than the croSS-Sectional area 
of the common catheter lumen. In one variation, both the 
oval openings at the distal tip, which connect to the inner 
lumen of a dual lumen catheter, and the slot openings along 
the length of the catheter, which connect to the outer lumen, 
are configured Such that the combined cross-sectional area 
of each Set of openings is twice the croSS-Sectional area of 
their corresponding lumen within the catheter. 
0037. In another variation, a multi-lumen catheter is 
provided wherein one set of lumens exit at the distal end of 
the catheter and a Second Set of lumens exit at an area along 
the length of the catheter. FIG. 3 illustrates one variation of 
the multi-lumen catheter comprising two lumens with the 
first lumen exiting at a distal end 62 at a distal opening 64, 
and the Second lumen Staggered on top of the first lumen to 
exit proximal the distal end 62 at a proximal opening 66. 
Another variation is shown in FIG. 4, where the dual lumen 
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catheter comprises a coaxial tubing forming an inner lumen 
and an outer lumen. The inner lumen exits at the distal end 
62 of the catheter at the distal opening 64 and the outer 
lumen exits at a proximal opening 66 located along the 
length of the inner tubing 80, proximal the distal end 62. 
These multi lumen catheters may be configured as a hemo 
dialysis catheter with one lumen utilized for removing “dirty 
blood” from the vein and the second lumen utilized to 
deliver the processed blood back into circulation. 

0.038. In one variation, the dual lumen catheter is con 
figured Such that when the catheter is positioned within a 
patient's Superior Vena cava for hemodialysis, the distal 
opening of the catheter is positioned within the right atrium 
of the heart. Preferably, the distal tip of the catheter does not 
contact the atrioventricular (AV) valve or the wall of the 
heart, but is positioned in close proximity thereto. At the 
Same time, when the distal tip of the catheter is positioned 
within the right atrium, the proximal opening of the catheter 
would be above the atrium. Preferably, the proximal opening 
is located within the Superior vena cava (SVC) or near the 
SVC/jugular vein junction. A dual lumen catheter So con 
figured may reduce the recirculation of the processed blood 
being introduced through the distal opening. By increasing 
the Separation between the distal opening and the proximal 
opening, one may decrease the recirculation of blood Since 
the probability that the proximal opening would capture the 
blood infused by the distal opening would decrease. 

0.039 The distance between the distal opening and the 
proximal opening (“D” as shown in FIG. 2A, 3 and 4) that 
allows the proper position of the distal and proximal open 
ings may vary depending on the patient's physical size. 
Thus, the physician may match the catheter of appropriate 
Size (i.e., having the desired "D' distance) to a patient 
depending on the patient's physical characteristics. Alterna 
tively, non-invasive imaging techniques Such as X-ray or 
MRI may be used to determine the proper size of dialysis 
catheter to implant inside the patient. Optionally, one may 
design a dual lumen catheter where the distance “D’ 
between the distal opening and the proximal opening is large 
enough Such that when it is implanted inside an average 
adult the proximal opening will be inside the SVC when the 
distal opening is placed inside the right atrium of the patient. 
Preferably, D for an average adult would be between 
approximately 25 and 50 mm. 

0040 AS discussed above, before implantation of a dialy 
sis catheter, the physician may determine the proper size of 
catheter to use depending on the physical size and/or weight 
of the patient. In addition, non-invasive imaging techniques 
may also be applied to assist the physician in making Such 
a determination. In one example, the catheter is inserted into 
the right internal jugular vein. The catheter is then advanced 
into the patient's body along the internal jugular vein. 
Further advancement will push the distal section of the 
catheter into the Superior Vena cava, and then into the right 
atrium. Ultrasound, fluoroscopy, radiography, and/or other 
imaging methods may be utilized to assist the physician in 
the placement of the catheter. A radiopaque ribbon may be 
provided at the distal end of the catheter and/or along the 
length of the catheter to improve contrast of the catheter 
within the images captured by the imaging device. 

0041. Once the tip of the catheter enters the right atrium, 
the physician can adjust the position of the catheter. Pref 
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erably, the distal tip is positioned in close proximity (within 
the range of approximately 1-6 cm) to the AV valve (i.e., the 
tricuspid valve) but does not come into contact with the AV 
valve or the wall of the right atrium. In one variation, when 
the distal tip of the catheter is placed within the atrium, the 
proximal opening of the catheter will be located within the 
SVC. In another variation, when the distal tip of the catheter 
is placed within the atrium, the proximal opening will be 
located within the upper portion of the SVC. In yet another 
variation, when the distal tip of the catheter is place within 
the atrium, the proximal opening will be located in close 
proximity (within the range of approximately 1-6 cm) to the 
SVC/jugular veinjunction. Once the catheter is placed in the 
desired position, the physician may then Secure the catheter 
in place. Optionally, the proximal end of the catheter may be 
tunneled underneath the Skin So that it exits the skin just 
beneath the right clavicle and distant from the insertion site. 
When the catheter has been Satisfactorily placed, a hemo 
dialysis machine may be connected to the proximal end of 
the catheter to begin the dialyses process. Blood may be 
removed through Suction delivered through the catheter to 
the proximal opening of the catheter which is located within 
the SVC, and processed blood may be infused into the 
atrium through the distal opening on the catheter. 
0042 Although in the above examples, each of the distal 
and proximal openings comprises a Single opening, one of 
ordinary skill in the art would appreciate that each of the 
distal and proximal openings may comprise a plurality of 
orifices. For example, the catheter shown in FIG. 2A may 
also be implemented in the above described procedure. In 
addition, features and components discussed earlier for 
reducing exit flow velocity around the catheter tip and for 
reducing outflow momentum in the axial direction of the 
catheter may also be implemented in combination with the 
multi-lumen catheters having Specific distance, 'D', between 
the distal opening and the proximal opening. By reducing 
the exit Velocity of outflow blood at the distal opening, one 
may reduce the likelihood that the outflow blood is recap 
tured by the Suction at the proximal opening. By directing 
the outflow at the distal opening in various directions, one 
may minimize the disruption of the infused blood on the 
natural Vortex that occurs inside the right atrium, which in 
turn may minimize mixing of the infused blood with arterial 
blood and thus decreaseS recirculation. In yet another varia 
tion, the distal opening is configured Such that the opening 
directs the outflow of the infused blood into the AV valve. As 
a result, when the AV valve is open the bulk of the fluid 
exiting the distal opening of the catheter may flow into the 
right ventricle of the heart. 
0043. In another aspect, the infused blood is modulated 
with respect to the cardiac cycle. This delivery approach 
may improve the efficiency of fluid delivery and may further 
minimize the amount of recirculation in the hemodialysis 
catheter. In one variation, the infusion of blood through the 
distal opening of the hemodialysis catheter is Synchronized 
with the filling and emptying of the right atrium. In one 
example, a controller monitors the Signal from the Sinoatrial 
(SA) node and opens a Solenoid pinch clamp as the atrium 
empties. In another example, a computer controller monitors 
the electrocardiogram (EKG) and controls a Solenoid valve 
to open and close based on the heartbeat cycle represented 
by the EKG signal. The Solenoid valve or clamp controls the 
infusion of blood into the hemodialysis catheter. As one of 
ordinary skilled in the art would appreciate, variations of 
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Valves, clamp, controller and EKG monitors may be con 
figured to control the infusion of blood flow into the 
implanted catheter. 
0044) The SA node initiates the cardiac cycle. When the 
atrium is depolarizing, it transmits a P-wave in the EKG 
cardiac cycle, shown in FIG. 5. Next, the SA node causes a 
transmission delay of the electrical energy, which provides 
the ventricle time to fill. Therefore, if the Solenoid pinch 
Valve is timed So that it opens just after the P-wave, it may 
allow the infused blood from the catheter to flow into the 
atrium as the AV valve (i.e., tricuspid valve) opens. In one 
variation, the Solenoid valve is open during the P-wave 
period and closed during the rest of the heart cycle. In 
another variation, the Solenoid valve is completely open 
during the P-wave period to allow maximum infusion of the 
blood, and the Solenoid valve is only partially open during 
the rest of the heart cycle to allow slow infusion of the blood 
inside the right atrium while the AV valve is closed. 
0.045. In yet another variation, the P-wave is used to 
modulate the pump inside the dialysis machine. An EKG 
monitor provides the feedback to the computer controller 
that controls the rate of operation of the pump inside the 
dialysis machine. The controller may increase the pump rate 
during the P-wave period and decrease the pump rate when 
the EKG is outside of the P-wave period. Alternatively, the 
rate of the pump may be set to increase at a defined time 
prior to the projected occurrence of the P-wave and Start to 
decrease once the Q-wave is detected. In another variation, 
the pump is modulated to increase and decrease output of the 
dialysis instrument based of Signal processing and/or mod 
eling of the detected EKG to optimize the hemodialysis 
process. By changing the flow rate of the blood passing 
through the dialysis System, one may be able to improve the 
efficiency of the dialysis proceSS Since the blood moving 
through the dialysis membrane is Stalled or slowed for a 
period of time during the cardiac cycle, and this may allow 
more waste particles in the blood to diffuse through the 
membrane and increase the efficiency of the dialysis 
machine in removing waste particles from the blood. 
0046) This invention has been described and specific 
examples of the invention have been portrayed. While the 
invention has been described in terms of particular varia 
tions and illustrative figures, those of ordinary skill in the art 
will recognize that the invention is not limited to the 
variations or figures described. In addition, where methods 
and StepS described above indicate certain events occurring 
in certain order, those of ordinary skill in the art will 
recognize that the ordering of certain Steps may be modified 
and that Such modifications are in accordance with the 
variations of the invention. Additionally, certain of the Steps 
may be performed concurrently in a parallel proceSS when 
possible, as well as performed Sequentially as described 
above. Therefore, to the extent there are variations of the 
invention, which are within the spirit of the disclosure or 
equivalent to the inventions found in the claims, it is the 
intent that this patent will cover those variations as well. 
Finally, all publications and patent applications cited in this 
Specification are herein incorporated by reference in their 
entirety as if each individual publication or patent applica 
tion were specifically and individually put forth herein. 

1. A catheter for insertion into a mammalian body, com 
prising: 
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an elongated tubular body comprising a primary channel 
that extends from a proximal end of said tubular body 
to a distal end thereof, and a plurality of Secondary 
channels in fluid communication with Said primary 
channel, wherein each of Said Secondary channels ter 
minate in an opening in Said distal end of Said tubular 
body Such that the number of openings in Said distal 
end of said tubular body is equal to the number of said 
Secondary channels. 

2. The catheter according to claim 1, wherein Said distal 
end of said tubular body is configured with a bullet shaped 
profile. 

3. The catheter according to claim 2, wherein a combined 
croSS-Sectional area of Said Secondary channels is larger than 
a cross-sectional area of Said primary channel. 

4. The catheter according to claim 3, wherein the com 
bined cross-sectional area of Said Secondary channels is at 
least 50% larger than the cross-sectional area of Said primary 
channel. 

5. The catheter according to claim 3, wherein the com 
bined cross-sectional area of Said Secondary channels is at 
least twice the cross-sectional area of Said primary channel. 

6. The catheter according to claim 1, wherein Said open 
ings are arranged in a radial manner on Said distal end of Said 
tubular body. 

7. The catheter according to claim 2, wherein Said open 
ings are arranged in a radial manner on Said bullet shaped 
profile. 

8. The catheter according to claim 1, wherein Said plu 
rality of Secondary channels are arranged in a radial con 
figuration and commonly diverge from a distal end of Said 
primary channel. 

9. The catheter according to claim 1, wherein said tubular 
body further encloses a tertiary channel extending from Said 
proximal end to Said distal end, wherein Said tertiary channel 
terminates in at least one opening positioned proximal Said 
Secondary channels. 

10. The catheter according to claim 9, wherein said 
tertiary channel is positioned in a coaxial manner around 
Said primary channel. 

11. The catheter according to claim 9, wherein Said at least 
one opening comprises a plurality of orifices. 

12. The catheter according to claim 11, wherein Said 
orifices are arranged in a radial manner around the circum 
ference of said tubular body. 

13. The catheter according to claim 11, wherein each of 
Said plurality of orifices is configured with a tapered profile. 

14. The catheter according to claim 1, wherein Said 
openings are configured Such that fluid exits therefrom at a 
flow velocity that is less than the flow velocity along said 
primary channel. 

15. The hemodialysis catheter according to claim 1, 
wherein Said openings are configured Such that fluid exits 
therefrom at an angle away from a central axis of Said 
catheter. 

16. A method of performing a hemodialysis procedure, 
comprising the Steps of: 

infusing fluid into a patient's body through a catheter; 

reducing the velocity of fluid flow as the fluid enters a 
distal Section of Said catheter; and 
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directing at least part of a fluid outflow momentum of Said 
fluid in a plurality of directions away from an area 
directly distal Said distal Section of Said catheter as Said 
fluid exits said catheter. 

17. The method according to claim 16, wherein said fluid 
exiting Said distal Section of Said catheter is at least partially 
directed into Said patient's right atrium. 

18. The method according to claim 17, further comprising 
the Step of withdrawing blood from Said patient's Superior 
Vena cava while Said fluid is being injected into Said 
patient's right atrium. 

19. A method of infusing blood, comprising the steps of: 
providing a catheter, having at least one lumen; 
positioning a distal end of the catheter in close proximity 

to the tricuspid valve of a patient's heart; and 
Synchronizing infusion of blood through Said lumen to 

coincide with the filling and emptying of the patient's 
right atrium, Such that blood is released into the atrium 
when the tricuspid valve opens. 

20. The method according to claim 19, wherein the step 
of Synchronizing infusion further comprises monitoring the 
patient's electrocardiogram and infuse blood into the right 
atrium through Said catheter when the right atrium is being 
emptied, and decrease or Stop infusion of blood through said 
catheter when the right atrium is being filled. 

21. The method according to claim 19, wherein the step 
of Synchronizing infusion further comprises monitoring the 
patient's electrocardiogram and infused blood into the right 
atrium through said catheter during a P-wave period, and 
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decrease or Stop infusion of blood through Said catheter at 
the end of said P-wave period. 

22. The method according to claim 19, wherein the step 
of Synchronizing infusion further comprises monitoring the 
patient's electrocardiogram and modulate a blood pump 
which drives the blood into the catheter Such that pumping 
of the blood is synchronized with heart beat cycles within 
the electrocardiogram. 

23. The method according to claim 22 further comprising 
the Step of increasing the pump rate during a P-wave period, 
and decreasing the pump rate when the electrocardiogram is 
outside of the P-wave period. 

24. The method according to claim 19, wherein the step 
of Synchronizing infusion further comprises monitoring the 
patient's electrocardiogram and Synchronize the infusion of 
the blood through the catheter with heartbeat cycles in the 
electrocardiogram. 

25. The method according to claim 19, further comprising 
the step of: 

withdrawing blood from the patient's Superior Vena cava 
through a Second lumen of Said catheter. 

26. The method according to claim 25, wherein the 
withdrawing Step further comprises Synchronizing the with 
drawal of blood with the infusion of blood. 

27. The method according to claim 25, wherein blood is 
being continuously withdrawn from the Superior Vena cava 
through Said Second lumen. 


