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METHOD AND APPARATUS FOR 
ULTRAFILTRATION UTILIZING A PERIPHERAL 
ACCESS DUAL LUMEN VENOUS CANNULA 

RELATED APPLICATION 

[0001] This is a divisional application of pending US. Pat. 
No. 7,135,008 (US. patent application Ser. No. 10/724,620) 
?led Dec. 2, 2003, the entirety of Which is incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to the extracorporeal treat 
ment of blood and more particularly to the blood access for 
Renal Replacement Therapy and treatments using an arti? 
cial kidney. It is also related to the treatment of congestive 
heart failure and ?uid overload in a patient. 

BACKGROUND OF THE INVENTION 

[0003] Renal Replacement Therapy (RRT) is a class of 
medical treatments that arti?cially provides functions that 
Would naturally be provided by the kidneys. RRT performs 
tWo primary functions: (i) ultra?ltration (removal of Water 
from blood plasma), and (ii) solute clearance (removal of 
different molecular Weight substances from blood plasma). 
Mechanical RRT generally involves an extracorporeal blood 
circuit that treats blood that is temporarily removed from 
and then returned to a patient. Devices used for RRT 
generally include: an extracorporeal blood circuit that 
extends from the patient through a ?lter and back to the 
patient; a pump acting on the blood circuit tube that moves 
the blood through the tube and ?lter; a ?lter Where the blood 
components are separated and Where the solute exchange 
takes place; and blood access devices. In addition, a 
mechanical RRT device may include a controller to regulate 
the pump(s), Which in turn control the ?oW rate of blood and 
other ?uids through the circuit, and detect blockages and 
leaks in the blood circuit. 

[0004] In operation, blood from a patient ?oWs through 
the RRT blood circuit at a ?oW rate determined by the blood 
pump speed. As the blood ?oWs through the ?lter, certain 
?uids, solutes or both from the blood pass through the ?lter 
membrane and are extracted from the blood plasma. The 
extracted ?uids With solutes ?oW from the ?lter through a 
?ltrate tube and are temporarily stored in a ?ltrate bag. The 
extraction of ?uids and/or solutes by the RRT device 
replaces or supplements the natural functions of the kidneys. 
Fluids may be injected into the remaining blood plasma 
Which then ?oWs through the blood circuit tube and is 
infused into the patient. 

[0005] The ?lter in an RRT device, also called hemo?lter 
or “dialyZer”, can be set up to perform ?uid removal, solute 
clearance, or both. The RRT device may also operate With or 
Without ?uid replacement. “Clearance” and “ultra?ltration” 
are common terms used in RRT. “Clearance” is the term 
used to describe the net removal of substances, both normal 
and Waste product, from the blood. “Ultra?ltration” is the 
term used to describe the removal from the blood plasma of 
plasma Water, Without signi?cant affect on the concentration 
of small solutes in the blood plasma. In mechanical terms 
“Ultra?ltration” is the convective transfer of ?uid out of the 
plasma compartment of a ?lter through pores in the ?lter 
membrane and into a ?ltrate output compartment of the 
?lter. 
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[0006] Blood ?lters generally have a blood compartment 
Within input and output ports connected to the blood circuit, 
a ?lter membrane, and a ?ltrate compartment. The mem 
brane separates the blood compartment and the ?ltrate 
compartment in the ?lter. In a ?lter used primarily for 
ultra?ltration, the pores of the ?lter membrane may be 
holloW ?bers having blood passages of approximately 0.2 
mm or less in diameter. The ?lter membrane pass ?uids, 
electrolytes and small and middle siZed molecules (typically 
up to 50,000 Daltons) from the blood plasma. The ultra?l 
trate output from the ?ltration pores is similar to plasma, but 
Without the plasma proteins or blood cells. In an ultra?ltra 
tion ?lter, the concentration of small solutes is the same in 
the ultra?ltrate as in the plasma, and no clearance or 
concentration change is obtained of small solutes in the 
blood plasma that is returned to the patient. HoWever, the 
ultra?ltration does remove Water from the blood and is 
useful for treating patients suffering from ?uid overload. 
During the ultra?ltration treatment of a ?uid overloaded 
patient the ?uid that is mechanically “?ltered” or removed 
from blood is typically immediately replaced by the access 
?uid that has been stored in the body. As a result the excess 
?uid or “edema” in the legs, the abdomen and the lungs of 
the patient is reduced and the patient’s condition is relieved. 

[0007] Dialysis is a different form of RRT. Dialysis is the 
transfer of small solutes out of a blood plasma compartment 
of a ?lter by diffusion across the ?lter membrane. Dialysis 
occurs as a result of a concentration gradient across the ?lter 
membrane. Diffusion of small solutes occurs from the ?lter 
compartment With a higher concentration (typically the 
blood compartment) to a compartment With loWer concen 
tration (typically the dialysate compartment). Since the 
concentration of solutes in the plasma decreases, clearance 
is obtained. Fluid removal does not necessarily occur during 
dialysis. 

[0008] Ultra?ltration can be combined With dialysis to 
remove both ?uid and small solutes from the blood plasma 
during RRT. Hemo?ltration is the combination of ultra?l 
tration and ?uid replacement. The volume of the replace 
ment ?uid is typically much larger than is needed just for 
?uid control. The replacement ?uid generally contains elec 
trolytes, but not other small molecules. There is some 
clearance because there is a net removal of small solutes due 
to both replacing ?uids Without small solutes and ultra?l 
tration of ?uid With small solutes. A primary difference 
betWeen the ultra?ltration and hemo?ltration treatments is 
that during the former the plasma Water removed from blood 
is replaced by the natural excess ?uid intemally stored in the 
patient’s body. During the later the replacement solution is 
supplied by the treatment in a form of an arti?cial infusion. 

[0009] Generally, all modes of Renal Replacement 
Therapy involve the removal of blood (typically venous) 
from a patient and passing the blood through a holloW ?ber 
?lter Where there occurs ?uid removal and, if desired, a 
solute removal or exchange. After passing through the ?lter, 
the blood is returned to the blood stream of the patient. 
So-called “batch” type RRT devices extract and return blood 
through the same single lumen IV catheter or “needle” and 
blood tube by reversing the direction of the blood pump. 
More common “continuous” type devices extract and return 
blood continuously using one double lumen catheter in the 
same vein or separate catheters in tWo separate veins. 
Catheter and needles used in RRT are generally knoWn as 
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“blood access”. Some RRT patients have permanently lost 
their kidney function and need to undergo dialysis several 
times a Week. These patients typically have surgically 
implanted or modi?ed sites for blood access such as arterial 
venous shunts or ?stulas. 

[0010] Congestive Heart Failure (CHF) patients can ben 
e?t from ?uid removal by ultra?ltration of blood. CHF 
patients have functional kidneys, but suffer from ?uid over 
load due to CHF. The kidneys of CHF patients are generally 
healthy but are not fully functioning due to the failing heart 
and loW blood pressure. Because the kidneys are not fully 
functioning, ?uids build up in the patient and the ?uid 
overload contributes to the stress on the already failing heart. 
The kidneys do produce urine that is usually su?icient for 
the kidneys to remove toxic solutes. 

[0011] CHF patients need an RRT treatment that removes 
excess ?uid from the body. These patients typically do not 
require solute removal or a long-term chronic treatment as in 
the chronic dialysis patient. The ?uid can be removed from 
the patient relatively quickly and the treatment stopped. The 
reduction of ?uid overload should relieve the stress on the 
heart su?iciently so that the heart is able to resume adequate 
perfusion of the kidney. Even if the heart is unable to 
adequately perfuse the kidney after the ?uid overload treat 
ment, the patient often enjoys several days or Weeks before 
the ?uid overload condition again becomes su?iciently 
severe to undergo another ultra?ltration treatment. These 
CHF patients need a RRT treatment that is simple to 
establish and safe. 

[0012] Fluid overload can lead to several painful and 
dangerous conditions, including excessive ?uids in the 
lungs. If excessive ?uid in the lungs is not promptly 
removed With a diuretic medication, CHF patients are often 
intubated and placed on a ventilator. If the initial diuretic 
therapy has little affect, more aggressive treatment With 
increasingly potent diuretics is needed. In addition, inotropic 
agents such as dobutamine are administered to increase the 
pumping function of the heart and raise the blood pressure. 
Higher blood pressure is expected to assist in the perfusion 
of the kidneys and make diuretics Work. In more recent 
years, vasodilator therapy became a part of the standard 
therapy for a severely volume-overloaded, decompensated 
CHF patient. All the above-mentioned therapies as a rule 
require admission to an intensive care unit (ICU) of a 
hospital. Potentially dangerous side affects of drugs and the 
need for advanced monitoring and intubation are the main 
reasons for a typical ICU admission. ICU admissions are 
expensive and require specialiZed doctor and nurse caregiv 
ers. 

[0013] Previously, standard drug therapy Was frequently 
unable to remove excess ?uid rapidly enough to prevent 
hospitalization. There is a clear and unmet clinical need for 
a CHF treatment that alloWs physicians to rapidly, control 
lably and safely remove a clinically signi?cant amount of 
?uid from a CHF patient. Such a treatment Would potentially 
reduce the need for excessive hospital admissions and 
decrease the duration of hospital stays. 

[0014] Ultra?ltration (one mode of Renal Replacement 
Therapy) is useful for removal of excess ?uid from a patient, 
especially in CHF patients Whose kidneys are not Working 
but are generally healthy. Ultra?ltration has not been used 
Widely in the treatment of patients With CHF, despite its 
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clinical bene?ts for treating ?uid overload. There are several 
issues that have in the past limited the use of currently 
available ultra?ltration devices. One of these factors is that 
prior ultra?ltration devices draW large volumes of blood out 
of the body and, thus, require so called central venous 
access. Central venous access implies that a relatively large 
diameter catheter is placed With its tip in a major vein in the 
“center” of the patient’s body. Typically the central catheter 
is placed in the superior vena cava or right atrium of the 
heart of the patient. This procedure requires specialiZed skill 
and is also associated With serious complications such as 
bleeding, perforated lung or heart and infections. As a result, 
mechanical ?uid removal in CHF patients has in the past 
been performed in the ICU of a hospital Where resources, 
training and adequate nursing monitoring are available. 

[0015] With the increasing prevalence of decompensated 
CHF and the increased cost of hospital admission and even 
more so of an ICU treatment, a strong need has emerged for 
a neW technology that Will alloW ?uid removal in the non 
critical care setting. This need is for a device and technique 
that is simple and safe so that it could be used in the 
outpatient setting, doctor’s o?ices, Emergency Rooms (ER) 
and general hospital ?oors. Such treatment Would be accept 
able if access to venous blood Was established via a periph 
eral vein in the patient’s arm or other peripheral vascular site 
on the patient. An advantage of accessing blood through a 
peripheral vein in the arm is Well recogniZed. Unlike the 
central veins, the peripheral veins are close to skin and easier 
to identify. Physicians and nurses are trained to place 
needles and catheters in the peripheral veins of an arm. 
Venopunctures are easy to monitor for in?ltration of ?uid 
and thrombosis and the control of infection is simpler than 
With central catheters. Also, the potential loss of a peripheral 
vein to thrombosis is less critical. 

SUMMARY OF THE INVENTION 

[0016] An ultra?ltration technique has been invented that 
relies on peripheral vein access. This ultra?ltration tech 
nique is described in commonly-owned US. Pat. No. 6,51, 
747 entitled “Extracorporeal Circuit for Peripheral Vein 
Fluid Removal”, and in US. Pat. No. 6,890,315, entitled 
“Method and Apparatus for Peripheral Vein Fluid Removal 
in Heart Failure”, the entirety of both of Which patents are 
incorporated by reference. The volume of blood that can be 
draWn from a peripheral vein is substantially less than can be 
draWn from a central access vein. Nevertheless, the rela 
tively-small volume of blood removed from peripheral veins 
has been found su?icient for ultra?ltration for most CHF 
patients suffering from ?uid overload. 

[0017] Clinical trials of ultra?ltration in CHF patients 
have been performed using standard and novel devices for 
peripheral access to blood. Ultra?ltration using peripheral 
vein access With standard needles or catheters has recently 
successfully treated several CHF patients. HoWever, stan 
dard peripheral vein access has not been successful for all 
CHF patients. The peripheral vein access had been per 
formed using conventional short (3-4 cm long) catheters 
inserted into a peripheral vein in the arm of the patient. The 
peripheral veins in some CHF patients have such poor blood 
?oW that the veins collapse around the area of the catheter 
tip When short peripheral catheters Were used to continu 
ously draW blood for ultra?ltration. Some CHF patients also 
have as feW as one peripheral vein su?icient for venous 


























