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1. 

REMOVAL OF CONTRASTAGENTS FROM 
BLOOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. Provisional Patent 
Application 60/921,680, filed Apr. 2, 2007. The contents of 
this prior application are incorporated herein in their entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

This invention was made in part with Government Support 
under Grant Numbers 5R01 HL080926 awarded by the 
United States National Institutes of Health. The Government 
has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

Advances in medical diagnostic imaging have greatly 
increased the utility of many radiographic and cardiologic 
procedures it is expected that greater numbers of patients will 
undergo these procedures in the years to come. Unfortunately, 
these procedures continue to rely on iodinated contrast (Such 
as Iopamiron 370, iodixanol, etc.) for identification of vascu 
lar structures and no viable alternatives have yet emerged. For 
example, such agents are often injected in the brain arteries 
during brain arterial procedures. 

While advances have been made in the design and compo 
sition of contrast, these agents still carry a risk of renal injury 
and account for a significant number of cases of hospital 
acquired renal failure (Gleeson and Bulugahapitiya Am J 
Roentgenol 2004; 183:1673-1689; Nash et al. Am J Kidney 
Dis 2002: 39:930-936). Contrast-induced nephropathy 
(CIN), defined as evidence of renal injury or dysfunction 
following exposure to contrast agents for imaging studies is a 
common and potentially serious complication. The risk of 
CIN is highest in patients with underlying kidney disease or 
injury, but multiple other risk factors have been identified 
including intra-arterial administration of contrast, higher 
contrast volumes (> 100 mL), diabetes and underlying cardiac 
disease. CIN has an incidence of 15% of cases performed in 
the brain vasculature, and it carries a mortality risk of 0.8-1%. 
No adjunctive medical or mechanical treatment has been 

proved to be efficacious in reducing the risk of CIN. In prin 
cipal, removal of contrast directly from whole blood could 
significantly reduce the risk of CIN particularly if it could be 
done rapidly and with higher efficiency, before significant 
exposure to the kidneys could take place. However, current 
clinical techniques to prevent nephropathy are only medical 
and are notoriously inefficacious. For example, United States 
Patent Application Publication No. 2002-0099254 (Movahed 
et al.) proposes a method to remove contrast agent from 
vessels of the heart that involves filtration using a membrane 
that catches everything but red blood cells, centrifugation to 
remove red blood cells, or suctioning off portions of the 
patient’s blood. However, late application of such limited 
efficacy blood purification, such as using traditional hemodi 
alysis is ineffective (Frank Clin Nephrol 2003:60; 176-182). 
Accordingly, more effective technologies for minimizing the 
risk of contrast-induced nephropathy are desirable. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides a system and a method for removal 
of contrast from blood. In one aspect, the invention provides 
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2 
a catheter for removal of blood from the veins that drain the 
cerebral circulation. The present catheter in this or modified 
configuration could drain blood from other venous systems, 
including but not limited to the venous systems of the heart, 
upper extremities and lower extremities, kidney and liver. In 
a second aspect, the invention provides a method for remov 
ing contrast from blood by contacting the blood with a sor 
bent. These aspects and additional inventive features will be 
apparent from the accompanying drawings and the following 
brief description. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

FIG. 1 depicts the inventive catheter system designed for 
jugular placement showing the optional balloon in the 
inflated position. 

FIG. 2 depicts the detail of the inventive catheter system 
designed for jugular placement showing the optional balloon 
in the deflated position. 

FIG. 3 depicts the detail of the inventive catheter system 
designed for SVC placement showing the balloon in the 
deflated position. 

FIG. 4 is a cross section of the inner and optional outer 
catheters of the inventive catheter system. 

FIG. 5 schematically illustrates the sorbent chamber for 
use in the inventive method. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to FIGS. 1-4, the inventive system for 
removing blood from the venous system that drains the cere 
bral circulation can comprise central catheter 1 comprising an 
inner wall 2 and an inner lumen 3 (FIG. 4). Central catheter 1 
comprises a proximal portion 4 of the system, which has a tip 
5 and at least one lateral fenestration 6 in fluid connection 
with the lumen 3 of the central catheter 1. The fenestration 6 
is laterally disposed in the wall of the proximal portion 4 of 
the central catheter 1 to facilitate the drainage of blood from 
the patient through the fenestration 6 and through the lumen 
3 of the central catheter 1. Typically, the proximal portion 4 
has a plurality of fenestrations 6, although for placement in 
the SVC, the proximal portion 4 typically has fewer fenestra 
tions 6 than catheters Suitable for placement in the jugular. 
Lateral positioning of the fenestrations 6 assists in minimiz 
ing collapse of the walls of a patient’s blood vessels upon 
application of suction. Of course, the tip 5 of the central 
catheter 1 can include an end fenestration 7 in fluid connec 
tion with the lumen 3 of the central catheter 1, which also 
facilitates drainage of the patient’s blood through the catheter. 

For placement in the jugular, preferably the proximal por 
tion 4 has one or more curves 8, and preferably at least two 
curves 8a and 8b (see FIG. 2) somewhat in the shape of the 
letter “S” This configuration facilitates insertion into the 
jugular and enhances the stability of placement. Also, this 
configuration assists in minimizing collapse of the walls of a 
patient’s blood vessels upon application of Suction. Further 
more, in this embodiment, it is preferred for the lateral fen 
estrations 6 to be disposed on the concave sides of the curves 
8, so that they are away from the walls of the patient’s blood 
vessel into which the system is placed, which further assists in 
minimizing collapse of the walls of a patient’s blood vessels 
upon application of Suction. 

In certain embodiments, the inventive catheter system can 
employ a balloon 9 to assist in occlusion of the patients 
vessels. In such embodiments, the proximal portion 4 of the 
central catheter 1 optionally comprises an inflatable balloon 9 
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disposed distally from the side fenestration(s) 6. The balloon 
9 can define the distal end of the proximal portion 4. Where 
present, the balloon 9 is positioned a suitable distance distal 
from the tip 5 (such as about 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, 11, 12 
13, 14, or 15 cm) to facilitate placement of the tip 5 in the 
desired location (e.g., within the superior vena cava (SVC) or 
jugular). For placement of the tip 5 within the jugular, typi 
cally the balloon 9 is positioned about 10 cm to about 15 cm 
distal to the tip, in away that the balloon 9 and at least one side 
fenestration 6 sit in the SVC. For placement of the tip 5 within 
the SVC, typically the balloon 9 is positioned about 1 cm to 
about 3 cm (e.g., about 2 cm) distal to the tip 5. 
Where the inventive catheter system employs a balloon, 9. 

an outer catheter 10 comprising an outer wall 11 and an outer 
lumen 12 (FIG. 4) is coaxially disposed about the central 
catheter 1 and in fluid connection with the balloon 9. Thus, 
fluid (such as air or a suitable gas) can be introduced into the 
outer lumen 12 to as to inflate the balloon 9. Thus, the outer 
catheter 10 can be in fluid connection with a pump, syringe, or 
other similar device 19 for moving fluids into and out of 
catheters and balloons. In this embodiment, it will be 
observed (FIG. 4) that the wall 2 of the central catheter 1 is 
disposed within the outer lumen 12 of the outer catheter 10. 
The shaft 13 of the central catheter 1 (and, when present, 

outer catheter 10) can be of a suitable length to facilitate 
placement within the patient. Preferably, the shafts 13 have a 
curved shape with the double purpose of stabilizing the cath 
eter inside the central venous system for longer periods of 
time, and also for allowing an easier approach of the jugular 
veins. For the latter scope, the concave curvature of the shaft 
should face the particular side of the body with the same 
orientation as the jugular that is to be cannulated. 
The inventive catheter system also includes a distal portion 

14, which includes port(s) for the catheter(s). In FIG. 1, for 
example, there is depicted a first distal port 15 in fluid con 
nection with the central catheter 1. It will be understood that 
fluid connectivity refers to connectivity with the lumen of a 
catheter. The first distal port 15 is in fluid connection to a 
Suctioning device 21 (Such as a vacuum container or a pump), 
which facilitates removal of blood from the patient through 
the lumen of the central catheter 1. The diameter of the distal 
port 15 desirably is approximately the same as the lumen3 of 
the central catheter 1, so as to facilitate Suction throughout the 
fluid connection. Furthermore, desirably, the suction device 
21 also is in fluid connection with a medium suitable for 
removing contrast from the blood. Such a medium can be a 
membrane, column, filter, or other device that can be 
employed for removing contrast from blood. Desirably, the 
medium is a sorbent, which can be encased within a chamber 
22 (FIGS. 1 and 5) as described herein. 

FIG. 1 also depicts an injection port 16 in fluid connection 
with the central catheter 1, which can be employed to inject 
saline or other fluids (e.g., containing heparin or other desired 
agents) into the lumen of the central catheter. The injection 
port 16 is optional, and where present, its fluid connectivity to 
the central catheter and the first port can be controlled with a 
valve 17 or an occlusive device. Such as a clamp. 

For embodiments including the balloon.9, the distal portion 
14 of the catheter system further includes a second distal port 
18 for the outer catheter 10, which (via the lumen of the outer 
catheter) is in fluid communication with the balloon 9. The 
second distal port 18 is further in fluid connection with an 
inflation/deflation device 19 for applying positive and nega 
tive pressure to the outer catheter 10, which facilitates infla 
tion and deflation of the balloon 9. While in FIG. 1, one 
typical such inflation/deflation device 19 is depicted, any 
other suitable inflation/deflation device for controlling bal 
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4 
loon catheters can be alternatively employed. Furthermore, 
the fluid connectivity between the inflation/deflation device 
19 and the second distal port 18 can be controlled with a 
clamp 20 (as depicted), Valve, or other similar mechanism. 

It will be observed that the catheter system can be manu 
factured using standard materials suitable for use in patients. 
Moreover, the components of the catheter system can be 
fabricated by standard methods known to those of ordinary 
skill. 

Desirably, the catheter system is suitable for insertion into 
a patient through the groin/femoral vein and also for position 
ing the tip 5 within a patient's SVC or jugular such that the 
balloon 9, when present, occludes said SVC when inflated. 
Accordingly, preferably, the central catheter 1 is an 11 F 
catheter. In this configuration, the outer catheter 10 is a 12 F 
or a 13 F catheter to facilitate coaxial disposition about the 
central catheter 1. Moreover, preferably, the balloon 9 can 
inflate to about 3 cm in diameter when fully inflated, as this 
facilitates sealing the patient's circulatory system distal to the 
balloon 9 from the tip 5. 
When inserted through the groin/femoral vein, the length 

of the catheter system from the distal portion 14 to the tip 5 
can be adjusted by the physician depending on the size and 
anatomy of the patient. However, typically, the system is 
about 60 cm from the distal portion 14 to the tip 5. Also, the 
catheters desirably comprise a slight curvature at the connec 
tion between the distal third with the proximal two thirds, in 
order to better accommodate the junction between the femo 
ral-iliac system and the inferior Vena cava. 

In one preferred embodiment, a catheter suitable for inser 
tion into the jugular has the following dimensions: 

upper portion of “S” curve of the end portion (4): 5 cm, 
with fenestrations (6) opening towards the concave side 
of the catheter end portion (4) shaft, 

lower portion of “S” curve of the end portion (4): 5, cm, 
with fenestrations (6) opening towards the concave side 
of the catheter end portion (4) shaft, 

balloon (9) length: 4 cm, 
diameter of balloon (9) when inflated: 3 cm, 
shaft length to balloon (9): 42 cm, 
length of distal port outlets: 9 cm, and 
external diameter of the shaft: 5 mm. 
In operation, the tip 5 of the central catheter 1 is inserted 

into a suitable blood vessel of a patient, preferably into the 
femoral vein. Thereafter, the central catheter 1 (and, when 
present, the coaxially-disposed outer catheter 10) is inserted 
deeper into the patient’s circulatory system, passing through 
the inferior vena cava and right atrium into the SVC, until the 
balloon 9 (if present) is positioned in the SVC. In this posi 
tion, the proximal tip 5 will be placed 3-4 cm above the 
junction between the right atrium and SVC (for SVC place 
ment) or within the jugular, depending on the type of catheter. 
In this position, the balloon 9 (if present) can be inflated to 
occlude the SVC. In this position, the suction device 21 is 
engaged to achieve high flow Suctioning of blood from the 
patient through the lateral fenestration(s) 6 (and, if present, 
end fenestration 7) and, hence, through the lumen 3 of the 
inner catheter 1 and out of the patient. Desirably, the suction 
ing occurs at a rate of about 600-1000 cc/min. 
The operator will suction blood (which can contain con 

trast) from the SVC (which drains blood from brain and upper 
limbs) for a few seconds (e.g., about 4 seconds, which is the 
transit time between cerebral arteries and veins that has been 
calculated based on current angiographic techniques) after 
injecting blood, contrast, or other material into the carotid 
artery or the cerebral artery to be intervened upon. For jugular 
placements, intense Suctioning from the jugular vein on the 
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side of intervention (i.e., contrast introduction) is achieved. 
Typically, the operation of the inventive catheter system can 
achieve removal of at least about 80% (such as at least about 
85% or at least about 90%) of the blood from the venous 
system returning blood from cerebral circulation. 

Contrast flows with predilection in the jugular vein on the 
side of the intervention. Thus, when the system is employed 
for drainage of blood to remove contrast, by placing more 
lateral fenestrations 6 in that area of the catheter, the bulk of 
the contrast is captured, because the vacuum will direct blood 
flow and hence the contrast to that side of the jugular system. 
Also, preferably, the balloon 9 (where present) is inflated in 
the SVC, so even contrast from the other jugular, although 
typically much less, also is suctioned. It is noted that a balloon 
is optional. However, where a balloon 9 is employed, while 
suctioning blood and contrast from the vein, the balloon 9 can 
be inflated within the SVC to prevent contrast from leaking 
into the right atrium. This mechanically removes the contrast 
before it enter the systemic circulation, and hence reaches the 
kidney. 
The blood and contrast then is filtered, typically by passing 

the blood+contrast through an extracorporeal device 22, to 
remove the contrast from the blood, whereupon the blood is 
reinjected back into the venous circulation of the patient. The 
direction of blood flow from the catheter system, through the 
suction device 21 and through the extracorporeal device 22 is 
indicated generally by arrows in FIGS. 1 and 5. Following the 
procedure, the catheter system is removed from the patient, 
and the patient is sutured and otherwise treated for post 
operative recovery. 

In another aspect, the invention provides a method of 
removing contrast from blood. The method comprises circu 
lating blood containing contrast through a sorbent, and 
returning the effluent blood from the sorbent to the patient. 
Desirably, the method comprises first removing blood con 
taining contrast from the patient and circulating the blood 
extracorporeally through the Sorbent to remove the contrast. 
However, in some embodiments, the sorbent can be employed 
intracorporeally (e.g., within a catheter or within a mesh or 
porous chamber within a patient). 

Preferably the method is employed using whole blood, 
rather than plasma or other fractionated blood product. This 
minimizes processing of the patient’s blood and facilitates 
return of all or nearly all components of the patient’s blood 
after processing to remove the contrast. 

In preferred embodiments, the blood+contrast can be with 
drawn from the patient following cerebral intervention 
employing the inventive catheter system as described above. 
However, it will be understood that the sorbent can be used to 
remove the contrast from blood withdrawn from any location 
in the patient (including but not limited to heart, kidney liver, 
upper and lower extremities), during any type of medical tests 
(such as cardiac or radiologic diagnostic tests or interven 
tions), or using any type of contrast material. 
A number of suitable sorbents are available, including 

polymers and activated carbon. While any sorbent system can 
be used in the context of the inventive method, preferably the 
sorbent system is polymeric. Preferred sorbents for use in the 
inventive method include Sorbents with high surface area 
(high capacity) and high adsorptive properties can be used 
and are currently in use to remove certain harmful plasma 
proteins such as antibodies. One suitable sorbent system for 
use in the inventive method the CytoSorb polymer manufac 
tured by MedaSorb Technologies, Princeton N.J. Another 
suitable sorbent that can be used in the inventive method 
comprises carbonic pyropolymers (Hemoadsorbents Granu 
lar Deliganding “HSGD), which is manufactured in the 
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Ukraine (manufactured in the Ukraine (www.onconet.k- 
iev.ua/ieport adsorbents.html). The CytoSorb polymer is a 
hydrated, porous adsorbent bead that was developed to target 
plasma proteins in range in size from 8 to 40 kilodaltons. 
Additional information concerning Suitable sorbents is dis 
cussed in several patent documents (see, e.g., European 
Patent Application Publications 1 115456A2 and 1463 548, 
U.S. Patent Application Publications 2005-0239041 A1, 
2006-0057142 A1, and 2007-0292429 A1, U.S. Pat. Nos. 
6,408,894, 6,527,735, 6,878,127, and 7,312,023, and Inter 
national Patent Application Publications WO/2000/062836, 
WO/2003/057306, WO/2003/057308, WO/2003/057309, 
WO/2003/057356, and WO/2003/103472, which are incor 
porated herein by reference). 

Typically, the sorbent is fabricated as small beads, which 
can be retained within the chamber 22. However, other forms 
of Sorbent (e.g., microtubular, nanotubular, microparticles, 
etc.) can be similarly employed. The pores on the surface of 
the polymer are engineered to permit the entry of molecules in 
this size range (e.g., the size range of contrast), but exclude 
larger, important proteins. Such as albumin and immunoglo 
bulins. Once inside the interior of the bead or other particle, 
the molecules adsorb to the inner surface of the bead or other 
particle. Sorbent polymer beads typically range in size from 
425 to 1000 microns and each gram of beads has over 850 
square meters of surface area available for adsorption. HSGD 
carbon has beads with very high available surface. HSGD has 
been used for therapeutic aphaeresis directly from blood the 
Ukraine for several years. Other sorbents also can be used. 

For use in the inventive method, the sorbent is contained 
within a chamber 22 that retains the sorbent material while 
permitting the flow of blood past and through the sorbent. The 
chamber 22 can be, for example, a section of tubing or a mesh 
or porous sac (which can enable use in vivo). However, typi 
cally, the chamber 22 is a column and is used extracorpore 
ally. Turning to FIG. 5, there is depicted a suitable sorbent 
chamber 22 comprising polymeric sorbent beads 23. The 
chamber 22 can be attached to influent 24 (inflow of blood+ 
contrast from the patient) and effluent 26 (outflow of blood 
cleansed of contrast to the patient) conduits. As depicted in 
FIG. 1, a valve 25 can optionally be employed to control the 
rate of flow of blood+contrast into the chamber 22. 

Without wishing to be bound by theory, it is believed that 
the sorbent uses aphaeresis to remove contrast from blood. 
Aphaeresis is a technique whereby molecules are removed 
directly from the blood without a blood separation process 
such as filtration or dialysis. In accordance with the inventive 
method, blood is pumped or otherwise introduced into the 
chamber 22 containing the sorbent and then returned to the 
patient in a closed loop. In this application, contrast is 
removed by the sorbent and blood returning to the patient has 
been depleted of contrast without significant other changes. 

Using the sorbent system, greater than about 75% of the 
contrast can be removed from the blood passing through the 
sorbent chamber, and the results presented in the example, 
reveal that greater than about 80%, such as greater than about 
85%, greater than about 90%, greater than about 95%, and 
even greater than 99% of the contrast can be removed from 
the blood treated with the sorbent. Depending on the manner 
in which the blood+contrast is removed from the patient, 
greater than 50% of the contrast can be removed from the 
patient, and in some embodiments, greater than about 60%, 
such as greater than about 70% or greater than about 75% of 
the contrast can be removed from the patient. More prefer 
ably, the inventive method removes greater than about 80%, 
such as greater than about 85% or greater than about 90% or 
even greater than about 95% of the contrast from the patient. 
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It will be understood that a “patient to be treated in the 
context of the present invention can be a human patient. 
However, the inventive system for removing blood+contrast 
in conjunction with cerebral intervention, and the method for 
removing contrast from blood, can be applied in the context of 
Veterinary procedures (e.g., the patient can be a household 
pet, Such as a cat or a dog, or an agriculturally-important 
animal. Such as a pig, goat, cow, horse, etc). Also, the method 
and catheter system have application in the laboratory con 
text, and can be employed in animal systems commonly 
employed in biomedical research (e.g., pigs, dogs, monkeys, 
apes, etc.). 

Within the context of the invention, the “contrast can be 
any contrast Suitable for diagnostic medical imaging. How 
ever, the inventive method and catheter system is well suited 
to removing iodinated media Such as Iopamiron 370, iodix 
anol, etc. 

EXAMPLE1 

This example demonstrates the use of a sorbent for remov 
ing contrast from blood. This example further illustrates the 
invention but, of course, should not be construed as in any 
way limiting its scope. 
A cartridge containing 500gm CytoSorb beads (MedaSorb 

Technologies, Princeton N.J.) is flushed with saline.900 ml of 
blood was reconstituted from 675 ml of packed red blood 
cells and 225 ml of normal saline. 45 ml of iodixanol (Visi 
paque, GE), containing a total of 14400 mg of iodine (320 
mg/ml) is mixed with the 900 ml of blood. 600 ml of the blood 
and contrast mixture is separated in 12 samples of 50 ml each. 
6 samples is passed through a device at a rate of 60 ml/min. 
Another 6 samples were left untreated as controls. Plasma is 
separated in all 12 specimens, and then Subjected to X-ray 
fluorescence spectrometry for iodine concentration measure 
ment. The resulting concentrations with changes and percent 
changes are provided in table 1 below. Greater than 99.8% of 
the contrast is removed after a single pass through the device. 

TABLE 1. 

Control Treatment % Reduction 

20916 9 99.86% 
21552 11 99.89% 
2O616 6 99.92% 
215O1 10 99.89% 
2O894 11 99.87% 
19906 9 99.82% 

iodine concentrations are expressed in Lugiml 

All references, including publications, patent applications, 
and patents, cited herein are hereby incorporated by reference 
to the same extent as if each reference were individually and 
specifically indicated to be incorporated by reference and 
were set forth in its entirety herein. 

The use of the terms “a” and “an and “the' and similar 
referents in the context of describing the invention (especially 
in the context of the following claims) are to be construed to 
cover both the singular and the plural, unless otherwise indi 
cated herein or clearly contradicted by context. The terms 
“comprising.” “having.” “including, and “containing” are to 
be construed as open-ended terms (i.e., meaning “including, 
but not limited to) unless otherwise noted. Recitation of 
ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate 
value falling within the range, unless otherwise indicated 
herein, and each separate value is incorporated into the speci 
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fication as if it were individually recited herein. All methods 
described herein can be performed in any suitable order 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. The use of any and all examples, or 
exemplary language (e.g., “Such as”) provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the specification should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention. 

Preferred embodiments of this invention are described 
herein, including the best mode known to the inventors for 
carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill 
in the art upon reading the foregoing description. The inven 
tors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be 
practiced otherwise than as specifically described herein. 
Accordingly, this invention includes all modifications and 
equivalents of the Subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all pos 
sible variations thereof is encompassed by the invention 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. 
The invention claimed is: 
1. A system for removing blood from the venous system 

that drains the cerebral circulation, said system comprising: 
(a) central catheter (1) comprising a wall (2) and a lumen 

(3) and comprising 
(i) proximal portion (4), said proximal portion (4) hav 

ing a tip (5) and a plurality of lateral fenestrations (6) 
in fluid connection with the lumen (3) of said central 
catheter (1), and in which said proximal portion (4) 
comprises at least two curves (8a) and (8b) in sub 
stantially planar arrangement, and in which each of 
said lateral fenestrations (6) is disposed at the concave 
side of curves (8a) and (8b), and 

(b) distal portion (14) comprising a distal port (15) in fluid 
connection with said central catheter (1), and 

(c) a suction device (21) in fluid connection with said distal 
port (15), and 

(d) a sorbent chamber (22) in fluid connection with said 
central catheter (1) and said suction device (21); wherein 
said sorbent chamber (22) comprises sorbent. 

2. The system of claim 1, wherein said central catheter (1) 
is about an 11 F catheter. 

3. The system of claim 1, wherein said tip (5) comprises an 
end fenestration (7) in fluid connection with the lumen (3) of 
said central catheter (1). 

4. The system of claim 1, which is about 60 cm from said 
distal port (15) to said tip (5). 

5. The system of claim 1, wherein said catheter (1) com 
prises a slight curvature at the connection between the distal 
third with the proximal two thirds to accommodate the junc 
tion between femoral-iliac system and the inferior vena cava, 
and wherein said catheter (1) comprises a curve Suitable to 
stabilize the catheter (1) within the central venous system and 
to facilitate approach to the jugular veins. 

6. The system of claim 1, which is suitable for placement of 
said tip (5) into the superior vena cava (SVC) of a human 
patient for removing blood from said SVC. 

7. The system of claim 1, which is suitable for placement of 
said tip (5) into the jugular vein of a human patient for remov 
ing blood from said jugular vein. 

8. The system of claim 1, wherein said catheter is suitable 
for insertion into a patient through the groin/femoral artery. 
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9. The system of claim 1, wherein the diameter of said 
distal port (15) is approximately the same as the lumen (3) of 
said central catheter (1). 

10. The system of claim 1, wherein said sorbent chamber 
(22) is a column. 

11. A method of removing contrast agent from blood, said 
method comprising removing blood containing contrast from 
a patient using the system of claim 1, circulating the blood 
containing contrast through the Sorbent chamber (22) remov 
ing the effluent blood from the sorbent chamber (22), and 
reintroducing the blood to the patient. 

12. The method of claim 11, which removes greater than 
95% of the contrast from the blood prior to returning the 
blood to the patient. 

13. The system of claim 1, in which said curves (8a) and 
(8b) arranged consecutively as in the manner of the letter “S.” 

14. The system of claim 1, which comprises two curves 
(8a) and (8b). 

15. The system of claim 1, wherein the sorbent comprises 
particles having a particle size of from about 425um to about 
1000 um. 

16. The system of claim 1, wherein the sorbent comprises 
particles having a surface area of at least 850 m/g. 

17. A system for removing blood from the venous system 
that drains the cerebral circulation, said system comprising: 

(a) central catheter (1) comprising a wall (2) and a lumen 
(3) and comprising 
(i) proximal portion (4), said proximal portion (4) hav 

ing a tip (5) and a plurality of lateral fenestrations (6) 
in fluid connection with the lumen (3) of said central 
catheter (1), and in which said proximal portion (4) 
comprises at least two curves (8a) and (8b) in sub 
stantially planar arrangement, and in which each of 
said lateral fenestrations (6) is disposed at the concave 
side of curves (8a) and (8b), and 

(ii) said proximal portion (4) having inflatable balloon 
(9) disposed distally from said lateral fenestrations 
(6), and 

(b) outer catheter (10) comprising outer wall (11) and outer 
lumen (12), coaxially disposed about said central cath 
eter (1) and in fluid connection with said balloon (9), and 

(c) distal portion (14) comprising a distal port (15) in fluid 
connection with said central catheter (1) and a second 
distal port (18) in fluid connection with said outer cath 
eter (10); wherein said system achieves removal of at 
least 80% of the blood from the venous system returning 
blood from cerebral circulation. 

18. The system of claim 17, wherein said central catheter 
(1) is about an 11 F catheter. 

19. The system of claim 17, wherein said outer catheter 
(10) is about a 12 For about a 13 F catheter. 
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20. The system of claim 17, wherein said balloon (9) is 

disposed from about 1 cm to about 10 cm from said tip (5). 
21. The system of claim 17, wherein said tip (5) comprises 

an end fenestration (7) in fluid connection with the lumen (3) 
of said central catheter (1). 

22. The system of claim 17, wherein said balloon (9) has a 
diameter of about 3 cm when fully inflated. 

23. The system of claim 17, which is about 60 cm from said 
distal ports (15) and (18) to said tip (5). 

24. The system of claim 17, wherein said catheters (1 and 
10) comprise a slight curvature at the connection between the 
distal third with the proximal two thirds to accommodate the 
junction between femoral-iliac system and the inferior Vena 
cava, and wherein said catheter (1) comprises a curve Suitable 
to stabilize the catheter (1) within the central venous system 
and to facilitate approach to the jugular veins. 

25. The system of claim 17, which is suitable for placement 
of said tip (5) into the superior vena cava (SVC) of a human 
patient such that said balloon (9) occludes said SVC when 
inflated. 

26. The system of claim 17, which is suitable for placement 
of said tip (5) into the jugular vein of a human patient Such that 
said balloon (9) occludes said SVC when inflated. 

27. The system of claim 17, wherein said catheters are 
Suitable for insertion into a patient through the groin/femoral 
artery. 

28. The system of claim 17, wherein the diameter of said 
distal port is approximately the same as the lumen (3) of said 
central catheter (1). 

29. The system of claim 17, comprising a suction device 
(21) in fluid connection with said central catheter (1). 

30. The system of claim 29, comprising a sorbent chamber 
(22) in fluid connection with said central catheter (1) and said 
suction device (21). 

31. The system of claim 29, wherein said sorbent chamber 
(22) is a column. 

32. A method of removing contrast agent from blood, said 
method comprising removing blood containing contrasts 
from a patient using the system of claim 17, circulating the 
blood containing contrast through a sorbent chamber (22), 
removing the effluent blood from the sorbent chamber (22), 
and reintroducing the blood to the patient. 

33. The method of claim 32, which removes greater than 
95% of the contrast from the blood prior to returning the 
blood to the patient. 

34. The system of claim 17, in which curves (8a) and (8b) 
arranged consecutively as in the manner of the letter “S” 

35. The system of claim 17, which comprises two curves 
(8a) and (8b). 
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