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(57) ABSTRACT 

A method and apparatus for preventing and treating septice 
mia in patient blood is provided. The extracorporeal system 
includes an antimicrobial device to inactivate at least 99% of 
bloodborne microorganisms, a hemoconcentrator/filtration 
unit to remove approximately 50-75% of target molecules 
from the patient blood and a filter unit to remove target mol 
ecules from patient blood from the sieved plasma filtrate. 
Target molecules are produced by microorganisms, as well as 
by the patient’s cells. These molecules include endotoxins 
from Gram negative bacteria, exotoxins from Gram negative 
and Gram positive bacteria, as well as RAP protein mediator 
from Staphylococcus aureus, and cell mediators such as 
tumor necrosis factor-alpha, and interleukin 1-beta, interleu 
kin 6, complement proteins C3a and C5a, and bradykinin. 
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APPARATUS AND METHOD FOR 
DOWN-REGULATING IMMUNE SYSTEM 

MEDATORS IN BLOOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 11/739,574, filed on Apr. 24, 2007, which is a 
continuation of U.S. application Ser. No. 10/390,558, filed on 
Mar. 17, 2003 and issued on Apr. 24, 2007 as U.S. Pat. No. 
7.207,964, the entireties of both of which are hereby incor 
porated by reference herein. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates generally to methods 
and apparatus for inactivating bloodborne microorganisms. 
This invention relates to methods and apparatus for removing 
target molecules from the blood by a hemoconcentrator/filter 
and for Subsequently removing target molecules from the 
ultrafiltrate by additional filtration for endotoxins and cell 
mediators before returning the treated blood to the patient. 
Ultraviolet irradiation is used in some aspects of the inven 
tion. 

0004 2. Description of the Related Art 
0005 Septicemia refers to a microbe-induced condition in 
which the patient experiences an exaggerated inflammatory 
response. This response can lead to varying degrees of 
hypotension (possibly shock), and hypoxemic and edema 
related organ failure called multiple organ dysfunction syn 
drome (MODS). Because trauma and burns, among other 
causes, can lead to MODS, in the absence of infection, the 
more current and generic term is systemic inflammatory 
response syndrome (SIRS). 
0006 Between 1980 and 1992 the death rate due to septi 
cemia increased 83% from 4.2 to 7.7 per 100,000 population. 
The greatest increases were seen in patients at least 65 years 
old. Bacterial infections accounted for approximately 200, 
000-300,000 cases of septicemia as of 1992, and was the 
thirteenth leading cause of death nationally. In 1992, the 
mortality rate averaged 35%, with a range of 20-65%, and 
accounted for approximately 100,000 deaths. Now, the aver 
age mortality rate has increased to about 200,000 deaths per 
year, and is the tenth leading cause of death in the United 
States. There are now 1.5 million cases of sepsis worldwide. 
This number is expected to increase to 2.2 million in the next 
ten years. 
0007 Septicemia is usually categorized by the particular 
group of microorganism involved, i.e., bacterial, Gram nega 
tive or Gram positive, and fungal. Gram negative bacteria of 
concern include Pseudomonas aeruginosa, Eschericia coli, 
and Enterobacter aerogenes. Gram positive bacteria of inter 
est include Staphylococcus aureus, Streptococcus pneumo 
niae, and Enterococcus spp. The usual fungus involved is the 
yeast, Candida spp. Septicemia and related conditions 
develop when certain microorganisms, the cellular products, 
and other target molecules stimulate cascade reaction and an 
exaggerated inflammatory response leading to multiple organ 
and system failure. Selected microbial products and other 
target molecules, with molecular weights, are shown in Table 
1. 
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TABLE 1 

Pro-Inflammatory Anti-Inflammatory 
Mediators Size Mediators Size 

L-1B 17 kD IL - 1 ra 25 kD 
L-6 26 kD IL-1RtypeII 68 kD 
TNF-ct, 17-54 kD IL-4 15 kD 
L-2 15 kD IL-10 40kD 
L-12 44 kD IL-13 10 kD 
L-8 8 kD 

LBP SS kD 
MIF 12 kD 
FN 17 kD 
LIF 20 kD 
WCAM 80 kD 
CAM-1 90kD 
LPS 10-100 kD 

0008. These target molecules may enhance the microbe's 
virulence and/or stimulate the patient's defense mechanisms, 
but, when excessive, they may lead to multiple organ system 
failure. These microorganisms, their cellular products and the 
target molecules can stimulate various cascade reactions 
which may result in a life-threatening inflammatory disease 
State. 

0009 Prevention of these medical conditions is difficult at 
best because the early signs and symptoms may be quite 
vague. Treatment has generally been instituted when the con 
dition is recognized which is, unfortunately, often very late in 
the course of the disease. With prophylaxis difficult and 
therapy often late, the results may be fatal for the patients in 
many cases. 
0010 Ultraviolet blood irradiation, originally the Knott 
technique, has been used in the United States since 1928 for 
the successful extracorporeal treatment of microbial infec 
tions. Over the years there have been scientific arguments 
concerning the mechanism by which ultraviolet blood irra 
diation (“UBI) works, and the consensus appears to be that 
some organisms are inactivated. It is believed that UV light 
radiation of range “C”, or UV-C, stimulates the immune sys 
tem to become more efficient at clearing the remaining organ 
isms from the body. 
0011 Hemoconcentrator/filtration units are used to 
remove water from patients who are in acute renal failure and 
become overly hydrated. The devices are designed to retain 
the majority of plasma proteins, including one of the Smallest, 
albumin, (molecular weight of 67-69 kD), while ridding the 
blood of excess water. Current membranes and/or hollow 
fiber systems have effective pore sizes which will pass mol 
ecules up to 30-50 kD. 

SUMMARY 

0012. It is one object of the present invention to provide a 
blood treatment system to inactivate bloodborne microorgan 
isms. In one aspect, a method and apparatus is provided for 
removing target molecules from the blood by a hemoconcen 
trator/filter and for Subsequently removing target molecules 
from the ultrafiltrate by additional filtration for endotoxins 
and cell mediators before returning the treated blood to the 
patient. Ultraviolet irradiation is used in Some aspects of the 
invention. 
0013. It is one object of the present invention to remove 
blood from a patient, or obtain blood from a source, and to 
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provide a diluent source for Supplying a diluent to reduce the 
hematocrit of the blood. In one aspect, the diluent source 
supplies a diluent which reduces the blood to a hematocrit of 
about 5% to about 20%. A concentrator device to receive 
blood is provided to filter the blood and to remove the diluent. 
A return path connected for returning filtered blood from said 
concentrator device to a blood source. In one aspect, the 
return path includes tubing and/or a single lumen cannula. 
0014. It is another object to provide a recycle path con 
nected for returning the diluent removed from the blood by 
the concentrator device to said diluent Source. In one embodi 
ment, the recycle path comprises a filter. In one aspect, the 
recycle path includes a membrane module and/or a recycle 
pump. 
0015. It is one object of the invention to provide a filter 
device connected to receive blood from the source and to 
supply a portion of the blood to an irradiator or to another 
filter and to return the remainder of the received blood to the 
source. It is a further object to provide a reservoir connected 
to receive material filtered from the blood by the concentrator 
device. 
0016. It is a further object to provide a system and method 

to treat blood using two types of filters. In one embodiment, 
the first filter is a hemoconcentrator filter having a porosity of 
about 70-90 kilodaltons. In one aspect, the first filter is made 
of polysulfone fibers. The second filter is a cytokine filter 
having a porosity of about 10-30 kilodaltons. In one aspect, 
the second filter includes two filters connected in parallel, 
each filter havingaporosity of about 10-30 kilodaltons. In one 
embodiment, the second filter has a porosity of about 10 
kilodaltons. 

0017. In one aspect of the invention, the concentrator 
device has a membrane or filter having a transmembrane 
pressure greater than 76 mmHg. In one aspect, the concen 
trator device includes two hemoconcentrators connected in 
series. In some aspects, each hemoconcentrator is connected 
to a separate hemoconcentrator pump. In one aspect, the 
concentrator device filters the blood received thereby by the 
size of the constituents of the blood. In one embodiment, the 
concentrator device includes a hollow cylinder and a central 
core formed of hollow fibers axially disposed within the 
hollow cylinder. In one aspect, the hollow cylinder has a 
length of about 10 inches and a diameter of about 1.5 inches, 
and the central core has a Surface area in the range of between 
about 1.2 m to about 2.4 m. It is one object of the present 
invention to provide an inlet monitoring means at the concen 
trator device for monitoring the pressure of the blood. 
0018. It is one object of the current invention to provide a 
system and method for treating blood using a device having a 
concentrator or first filter that has a transmembrane pressure 
(TMP) that is greater than 76 mmHg. The range of TMP is as 
follows: about 80 mmHg to about 85 mmHg, about 86 mmHg 
to about 95 mmHg, about 96 mmHg to about 105 mmHg, and 
greater than about 105 mmHg. 
0019. It is yet another object of the invention to provide at 
least one pump connected to said system for moving blood, 
diluent or other fluid through the system. In another aspect of 
the invention, the combined blood/diluent flow rate is less 
than 400 mL/min. The range of the combined flow rate is as 
follows: about 75 mL/min to about 125 mL/min, about 126 
mL/min to about 200 mL/min, about 201 mL/min to about 
300 mL/min and about 301 mL/min to 400 mL/min. In one 
aspect, the blood flow rate alone is about 50 mL/min to about 
300 mL/min, preferably about 100 mL/min. 
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0020. It is another object of the invention to provide an 
oxygenator 105 connected between the source and said filter 
device in order to oxygenate the blood received from the 
SOUC. 

0021. It is a further object to provide a heater to warm at 
least a portion of the blood or a heat exchanger to cool at least 
a portion of the blood. In one embodiment, blood is heated or 
cooled by about 1-10° C. 
0022. It is one object of the current invention to further 
provide a UV irradiation device to irradiate blood. In one 
aspect, the UV irradiation device receives and irradiates 
blood containing biological toxins from a source of blood. In 
one embodiment, the irradiator device includes a UV light 
source and a fluid chamber adjacent to the UV light source, 
where the fluid chamber confines the fluid to a thin film for 
exposure to the UV light source. In one aspect, the UV light 
source delivers ultraviolet radiation to the blood in a dose 
ranging from about 2 mW/cm to about 20 mW/cm. In 
another aspect, the effective dose of ultraviolet radiation 
applied to the blood is about 1 mW/cm to about 19 mW/cm. 
In one aspect, the fluid chamber is a bag for holding the 
diluted blood, the bag having a length in the range of about 15 
inches to about 20 inches, a width in the range of about 8 
inches to about 10 inches, and a fluid path having a width of 
about 0.75 inches to about 1 inch. In one aspect, a sensor is 
provided to monitor ultraviolet radiation emitted by the irra 
diator device. 
0023. It is one object of the invention to provide a system 
and method to treat a patient having an inflammatory disease. 
Inflammatory diseases include, but are not limited to, sepsis, 
acute renal failure, ischemic stroke, Sudeck's syndrome, 
chronic fatigue syndrome, heat stroke, Hodgkin's Disease, 
lupus, myocardial infarction, AIDS, viremia, HCV, HBV. 
tuberculosis, muscular dystrophy or multiple Sclerosis, Acute 
Respiratory Distress Syndrome, and heart disease. 
0024. It is yet another object of the invention to provide a 
system and method of reducing free radicals in a patient's 
blood. In one embodiment, one or more free radical quench 
ers are added to the blood prior to, during and/or after treat 
ment with the concentrator/filter embodiments described 
herein. Quenchers are administered directly to the patient 
and/or are added to the various components of the concentra 
tor/filter embodiments, including, but not limited to, the tub 
ing, the pump, the filters and the diluent source so that the 
blood can be exposes to the quenchers while being concen 
trated or filtered. In one embodiment, the quencher is an 
antioxidant. Quenchers used in several embodiments of the 
present invention include, but are not limited to, Zn, Cu, 
manganese, selenium, vitamin A, C, E, B complex, K. P. 
lycopene, Superoxide dismutase, co-enzyme Q10, catechins, 
polyphenols, flavanols, depsides (chlorogenic acid, couma 
roylquinic acid or theogallin), quinic acids, carotenoids, 
thearubigens, theaflavin, theaflavic acids and ethyl pyruvate. 
In one embodiment, a cocktail of vitamin A, vitamin C, Vita 
min E and Zinc is used. Quenchers are provided in a dose 
sufficient to reduce the concentration of one or more free 
radicals in the blood. 

0025. It is a further object of the instant invention to pro 
vide a system and method of reducing toxins in a patient's 
blood using vitamin therapy. These vitamins include the free 
radical quenchers and antioxidants described above, and 
include several vitamins which exert their action by reducing 
the concentration of toxins, including, but not limited to bac 
teria, viruses, free radicals and inflammatory mediators, in the 
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blood. In one embodiment, vitamins are added to the blood 
prior to, during and/or after treatment with the concentrator/ 
filter embodiments described herein. Vitamins are adminis 
tered directly to the patient and/or are added to the various 
components of the concentrator/filter embodiments, includ 
ing, but not limited to, the tubing, the pump, the filters and the 
diluent source so that the blood can be exposed to the vitamins 
while being concentrated or filtered using this system. 
0026. It is another object to provide a system and method 
of treating blood by using a hemoconcentrator/filter system in 
conjunction with administering a drug in a dose Sufficient to 
facilitate cellular glucose entry. In one embodiment, insulin 
therapy is provide to regulate glucose levels. 
0027. It is a further object to provide a system and method 
of treating blood by using a hemoconcentrator/filter system in 
conjunction with administering a drug in a dose Sufficient to 
facilitate microcirculation and organ oxygenation. In one 
embodiment, nitroglycerin is provided to the patient to 
increase microcirculation. 
0028. It is yet another object to provide a system and 
method of down-regulating a patient's immune system by 
removing one or more immune system mediators from the 
patient's blood. In one embodiment, blood is obtained from a 
patient and diluted to reduce the hematocrit of the blood. The 
diluted blood is then filtered to reduce concentration of at 
least one immune system mediators from the diluted blood. 
The blood is also concentrated to remove the diluent from the 
blood. The treated blood is then reintroduced into the patient. 
Because one or more immune system mediators is removed 
from the treated blood, the patient’s immune system is down 
regulated. In one aspect, the immune system mediator is an 
inflammatory mediator. In one embodiment, the concentra 
tion of at least one inflammatory mediator is reduced by about 
75% in less than about 4 hours. In one embodiment, the 
concentration of TNF-C. is reduced by about 50% in less than 
about 4 hours. Inflammatory mediator include, but are not 
limited to, TNF-ct, IL-1 B, IL-6, IL-8, IL-10, IL-12, LPB, 
IFNY, LIF, MIF, MCP-1, C3-a, C5-a, exotoxins and endotox 
ins. In some embodiments, the immune system is down 
regulated using a transmembrane pressure greater than 76 
mmHg. In another embodiment, a flow rate of less than 40 
mL/min is used. Filter and hemoconcentrators, described 
above, are used to down-regulate the immune system in many 
embodiments. In several embodiments, irradiation, free radi 
cal quenchers, vitamin therapy, insulin therapy and/or nitro 
glycerin, as described herein, are used in conjunction with or 
to facilitate immune system down-regulation. 
0029. It is yet another object of the present invention to 
provide a device for treating blood using three pumps, a blood 
pump, a diluent pump and a hemoconcentrator pump. In this 
embodiment, referred to as “the HemaCharge device. a load 
cell to maintain proper hemodilution and hemoconcentration 
of patient blood is provided. The user interface is a backlit 
LCD touch screen display. The device also incorporates 
clamps, a bubble detector, pressure sensors, temperature sen 
sors, a UV sensor, as well as visual and audible alarms for 
patient safety. Also provided is a power Supply module con 
taining an isolation transformer, a solid-state electronic bal 
last, and associated electronics to produce about 5-24VDC to 
power the pumps, clamps, and sensors. A strain gauge beam 
type load cell is provided to measure the weight of the diluent 
bag. A 70-90 kD polysulfone hollow fiber filter used for 
hemoconcentrating dilute blood and two 10 kD polysulfone 
hollow fiber filters for cytokine removal are also provided. An 
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ultraviolet irradiator lamp assembly is also provded. The UV 
irradiator assembly is used to irradiate dilute extracorporeal 
blood with 254 nm UV-C energy. The assembly comprises a 
200 WUVC grid lamp and lamp support structure, two quartz 
glass plates and compression plates to constrain the diluted 
blood in the irradiator bag to approximately 0.025" thickness. 
UV-C and temperature sensors are used to optimize ultravio 
let output of the bulb. A safety interlock switch is provided to 
prevent unwanted user exposure to UV-C when loading/un 
loading the disposable set of materials. Five pressure sensors 
are used; one each on the patient inlet and return lines, one 
before the irradiator bag assembly inlet, one at the hemocon 
centrator inlet, and one located between the hemoconcentra 
tor ultrafiltrate outlet and the concentrator pump. The inlet 
pressure sensor can be used to determine maximum allowable 
blood flow rate based on vascular access and catheter place 
ment parameters; the patient return line sensor can likewise 
indicate catheter placement issues on the return side, as well 
as provide a measure of safety against excessive return pres 
sures. The sensor located before the irradiator bag assembly 
provides an indication of bag pressure and is used to prevent 
over pressurization of the irradiator bags. The sensors located 
at the inlet and ultrafiltrate outlet of the hemoconcentrator as 
well as the patient return sensor are used to determine hemo 
concentrator TMP, TMP is used to determine appropriate 
blood flow rates and to determine adequate performance of 
the hemoconcentrator. Visual and audible alarms are provided 
for out-of-range pressures. 
0030. It is another object of the present invention to pro 
vided manual and/or automated mechanisms of control for 
several embodiments described herein. In one embodiment, 
on-line pressure monitors or optical devices aid a technician 
in regulating hematocrit. In other embodiments, monitoring 
and regulation of hematocritis automated using an electronic 
weight scale, or load cell, which measures the Volume or mass 
of diluent. Computer hardware and software is also used in 
various embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a schematic representation of one embodi 
ment of the system of the instant invention. FIG. 1A is a 
partial cutaway view of an embodiment of a hemoconcentra 
tOr. 

0032 FIG. 2 shows a schematic of one embodiment of the 
UV irradiator and bag. 
0033 FIGS. 3A-3E show various views of one embodi 
ment of the UV system. 
0034 FIG. 4 shows the irradiator bag in open position. 
0035 FIG. 5 shows the irradiator bag in closed position. 
0036 FIG. 6 shows the irradiator in open position. 
0037 FIG. 7 shows UV-C penetration as a function of 
blood thickness. 

0038 FIG.8 shows dilutional effect on bacterial reduction 
in vitro. 

0039 FIG. 9 shows bacterial reduction data at various 
hematocrits. 

0040 FIG. 10 shows bacterial reduction data at 30% 
hematocrit. 
0041 FIG. 11 shows cytokine sieving/reduction data in 
vitro. 

0042 FIG. 12 shows a hardware/software scheme used in 
several embodiments of the invention. 
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0043 FIG. 13 shows a physical embodiment of the Hema 
Charge System. 

DETAILED DESCRIPTION OF SOME 
PREFERRED EMBODIMENTS 

0044 FIG. 1 shows a schematic representation of one 
embodiment of the present invention. In one embodiment, 
blood is pumped from the patient 100 at a flow rate of about 
100-300 mL/min, using a blood pump 102. One of skill in the 
art will understand that blood can also be pumped at a flow 
rate less than about 50 mL/min and at a rate greater than about 
300 mL/min. A blood flow rate of less than about 50 mL/min 
may lead to clotting in certain cases. A blood flow rate of 
greater than 300 mL/min may not be supported by certain 
hypovolemic and/or hypotensive patients and may lead to 
venous Stenosis or collapse. 
0045 Blood is diluted using diluent pump 114 to adjust 
the hematocrit to about 10%, and then circulated into a bag 
within the UV irradiator 104. The irradiated blood then flows 
towards the 70-90 kD filter 106, which removes an ultrafil 
trate containing molecules less than about 90 kD in weight. 
Through removal of the ultrafiltrate, the cellular blood ele 
ments are restored to their original concentration before 
returning the blood to the patient. The ultrafiltrate is pumped 
through a 10 kD filter 112 using a hemoconcentrator pump 
110, where molecules greater than about 10 kD are retained, 
and those less than about 10 kD are allowed to pass through 
and into the diluent source or reservoir 113 where they 
become available for mixing with blood that is being removed 
from the patient. At the end of the approximately 3-hour 
procedure, much of the whole blood extracorporeal volume is 
returned to the patient 100 in an attempt to preserve total red 
cell volume. 
0046 Because most pro-inflammatory/anti-inflammatory 
mediators have a molecular weight of 10 to 90 kD, it is 
expected that about 50-75% of immune system mediators 
will be removed from blood after about 3 hours of treatment. 
In several embodiments, reduction of target molecules is 
accompanied by Substantial irradiation-induced bacterial 
reduction. In one embodiment, the TNF-C. trimer, the princi 
pal form in blood with a molecular weight of about 45-55 kD. 
will be removed by this method. 
0047. In one embodiment of the present invention, a sys 
tem to reduce bacterial load in Septic patients is provided. 
Diagnosis and prevention of septicemia and related condi 
tions is difficult because the early signs and symptoms are 
usually vague. Because these conditions are typically recog 
nized late in the course of the disease, morbidity and mortality 
rates are unduly increased. In one embodiment, bacterial load 
is reduced by about 99%. In several aspects of this invention, 
septicemia is prevented or treated in patients undergoing 
coronary bypass, dialysis and other conditions. In one 
embodiment, the system disclosed herein can be used to 
prevent or treat septicemia in patients undergoing any inva 
sive procedure. In several embodiments, the device described 
herein can prevent and/or treat Systemic inflammatory 
response syndrome by any etiology, including, but not limited 
to septicemia or microbial sepsis. In one embodiment, 
patients with acute renal failure can be treated. In another 
embodiment, patients with ischemic stroke can be treated. 
0048. In one embodiment of the invention, a prevention 
and treatment system for Sudeck's Syndrome is provided. 
Sudeck's Syndrome, also known as Reflex Sympathetic Dys 
trophy, is characterized by acute atrophy of bones, commonly 
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of the carpal or tarsal bones. Biochemical mediators and an 
excessive inflammatory reaction are involved in the etiology 
and progression of this disease. (Cook and Ward, 1990; Goris, 
1998, both herein incorporated by reference). In one embodi 
ment, a hemoconcentrator/filter system is used to remove 
target molecules from the blood of a patient afflicted with 
Sudeck's Syndrome. Molecules targeted for removal include, 
but are not limited to, prostaglandins, endothelium-derived 
relaxing factor and histamine. One skilled in the art will 
understand that other cell mediators involved in this syn 
drome can also be removed in accordance with several 
embodiments of the present invention. 
0049. In a related embodiment, a hemoconcentrator/filter 
system is used to remove target molecules from the blood of 
a patient afflicted with Chronic Fatigue Syndrome. Molecules 
targeted for removal include, but are not limited to, TNF-C. 
IL-6 and other cytokines. One skilled in the art will appreciate 
that other cell mediators involved in Chronic Fatigue Syn 
drome can also be removed in accordance with several 
embodiments of the present invention. 
0050. In addition to removing tumor necrosis factor, or 
TNF-C. from patients with Chronic Fatigue Syndrome, other 
embodiments of the present invention provide a system for 
reducing TNF-C. levels, and/or other immune system media 
tors, in any illness in which these mediators are involved in 
the etiology or progression of the disease. 
0051. In other embodiments, a prevention and treatment 
system for other inflammatory related diseases is provided. 
These diseases include, but are not limited to, heat stroke, 
Hodgkin's Disease, lupus, myocardial infarction, AIDS, vire 
mia, HCV. HBV. tuberculosis, muscular dystrophy or mul 
tiple sclerosis, Acute Respiratory Distress Syndrome 
(ARDS), and heart disease. 

Transmembrane Pressure (TMP) 
0.052 Hemoconcentrator transmembrane Pressure (TMP) 

is calculated as (Inlet Pressure--Outlet Pressure/2)-Ultrafil 
tration Pressure. In a preferred embodiment, TMP is kept 
below about 400 mmHg for maximum filter performance. 
Exceeding this maximum TMP may result in filter failure 
(i.e., a clogged filter) which could potentially send clots back 
to the patient. However, one skilled in the art will appreciate 
that under certain conditions, a TMP greater than about 400 
mmHg can be used. The range of TMP used in one embodi 
ment of this system is about 1-400 mmHg. TMP typically 
depends on factors such as entering HCT, exiting HCT and 
blood flow rate. In one embodiment, the TMP is between 
about 1-200 mmHg, preferably between about 9-105 mmHg. 
Typically, at a constant flow rate, a decrease in hematocrit 
results in a lesser pressure drop and lower inlet pressure, 
while an increase in hematocrit results in a greater pressure 
drop and higher inlet pressure. Thus, changes in inlet pressure 
signal changes in hematocrit. Thus, in one embodiment, on 
line pressure monitors or optical devices can aid a technician 
in regulating hematocrit. In other embodiments, monitoring 
and regulation of hematocrit is automated using a load cell, 
described below. 
0053. In U.S. Pat. No. 6,193,681, we described a method 
and apparatus for inactivating bloodborne microorganisms by 
ultraviolet irradiation. In that System, the pressure across the 
hemoconcentrator was designed to decrease 70-100 mmHg 
from inlet port to outlet port. The TMP of the original system 
was about 50-75 mmHg. In the present invention, a design in 
which the pressure across the hemoconcentrator decreases 
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1-69 mmHg and in which the TMP is greater than about 76 
mmHg provided Surprising and unexpected advantages. For 
example, hemoconcentration was achieved more efficiently 
allowing a higher flux rate which translates into greater target 
molecule sieving. More importantly, using a TMP greater 
than about 76 mmHg and a blood flow rate of about 100 
mL/min allows processing of blood with a hematocrit of 
greater than about 36%. The system disclosed in U.S. Pat. No. 
6,193,681 was able to process blood having a hematocrit less 
than about 35%. Embodiments of the current invention are 
particularly advantageous because it is estimated that over 
20% of septic patients have a hematocrit that exceeds 35%. 
Moreover, a system which uses a TMP greater than 76 mmHg 
also provides a novel and unique method of treating several 
other disorders in which hematocrit exceeds 35%. In particu 
lar, about 50% of patients with renal failure, 99% of stroke 
patients and 99% of patients with autoimmune disorders have 
blood hematocrit levels that are greater than 35%. These 
patients would greatly benefit from a system which was 
capable of inactivating life-threatening microorganisms in 
their bloodstream. Embodiments of the current system, which 
use a TMP of greater than about 76 mmHg, offers this treat 
ment opportunity to these patients. Indeed, using a TMP that 
is greater than 76 mmHg with a blood flow rate that is greater 
than 100 mL/min allows treatment of septic patients that have 
a hematocrit less than 36%. 
0054. In one embodiment, the TMP of the present inven 
tion is greater than 76 mmHg, preferably from about 76-150 
mmHg, and more preferably from about 76-105 mmHg. TMP 
ranges from about 76-85 mmHg, 86-95 mmHg and 96-105 
mmHg are also provided in accordance with several embodi 
ments of the current invention. As discussed above, a TMP 
greater than 76 mmHg corresponds to a hematocrit greater 
than about 36%, a value which represents 20% of septic 
patients and a large percentage of other patient populations. 
In one embodiment, blood having a hematocrit of greater than 
36% is treated. Hematocrit ranges from about 36% to about 
40%, 41% to about 50%, 51% to about 55%, and greater than 
about 55% are also provided in accordance with several 
embodiments of the current invention. Ideally, blood treat 
ment provided in several embodiments of the present inven 
tion will last about 1-3 hours. However, in an alternate 
embodiment, alonger treatment can be performed at a slower 
blood flow rate. This embodiment has particular benefits to a 
hemodynamically unstable patient. In one embodiment, this 
system uses a TMP of less than about 50 mmHg and takes 
more than about 3 hours to accomplish the toxin removal 
goals. 

System Operation-Blood Pump 

0055 Blood is received from the patient through a canula 
placed in the femoral Subclavian or internal jugular vein. One 
skilled in the art will understand that other methods used to 
withdraw blood from a patient can also be used in accordance 
with several embodiments of the present invention. In one 
embodiment, a filter device is connected to receive blood 
from the source and to supply a portion of the received blood 
to a UV irradiation device and to return the remainder of the 
received blood to the source. In one embodiment, a canula is 
connected to a patient and a tubing is connected to the canula 
through a pump and into a hollow fiber filter device to receive 
blood from the source. The pump supplies a portion of the 
blood to the irradiation device or the concentrator and returns 
the remainder of the blood back to the patient. In another 
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embodiment of the invention, blood is received from a source. 
The source includes, but is not limited to, blood that has been 
previously withdrawn from a patient and stored. The source 
also includes donated blood taken from one or more healthy 
individuals, which requires treatment before being available 
as a donor blood. 
0056. When receiving blood from the patient, a blood 
pump controls the flow rate of the blood in several embodi 
ments. A preferred embodiment of the present invention has 
three pumps. As shown in FIG. 1, one embodiment has a 
blood pump 102, a diluent pump 114, and a concentrator 
pump 110. In one embodiment, blood from pump 102 passes 
through a polycarbonate “Y” connector where the blood 
mixes with a suitable isotonic diluent, such as Plasma-Lyte?R) 
(Baxter Healthcare, Deerfield, Ill.) solution. A variety of such 
solutions, referred to as “crystalloids', are available. The 
diluent is supplied from diluent source 113 which, typically, 
comprises a large capacity reservoir for storing an admixture 
of reclaimed (or converted) ultrafiltrate. The diluent is deliv 
ered by pump 114, which can be a roller pump or the like, at 
a flow rate which results in a hematocrit of about 5-20%. 
0057. In U.S. Pat. No. 6,193,681, we described a method 
and apparatus in which the combined blood/diluent pump 
flow rate was 400-500 mL/min. In several embodiments of 
the present invention, a design in which the combined pump 
flow rate is less than 400 mL/min provides unexpected advan 
tages over a flow of greater than 400 mL/min. Surprisingly, 
the slower combined flow rate is safer and easier to manage on 
a patient and there is a lower probability of developing cavi 
tation from the blood source catheter (i.e. the arterial cath 
eter). Additionally, greater blood dilution results in a lower 
protein concentration throughout the system. A higher filtra 
tion fraction (filtration fraction ultrafiltation rate/combined 
flow rate) results in a higher ultrafiltration (UF)/flux rate. Less 
protein in the blood solution results in less protein deposition 
on the Surface of the hemoconcentrator. This, in turn, helps 
retain the integrity of the hemoconcentrator's pore size allow 
ing for more consistent removal of target molecules for longer 
periods of time. Concurrently, the greater blood dilution 
allows for increased UF rates, which in turn increase target 
molecule sieving. 
0058. In one embodiment of the present invention, the 
combined blood/diluent pump flow rate is less than about 400 
mL/min, preferably from about 10 mL/min to about 390 
mL/min, more preferably from about 200 mL/min to about 
380 mL/min. In one embodiment, when using a blood flow 
rate of about 100 mL/min, the combined blood/diluent flow 
rate is about 280-380 mL/min. 
0059. In one embodiment of the present invention, the 

ultrafiltrate side of the system is a continuous length of tubing 
that runs through a pump into a secondary filter. One of skill 
in the art will understand that material filtered from the blood 
can be collected in a filtrate collection reservoir in a "closed 
loop' system, as described in U.S. Pat. No. 6,193,681, herein 
incorporated by reference. 

System Operation-Diluent Pump 

0060. In one embodiment, the concentrator pump 114 pro 
pels the admixture of crystalloid and filtrate from the second 
ary circuit back to the primary circuit via Y-connector. Thus, 
Smaller molecules can be conserved by passage thereof.com 
pletely through the secondary circuit, while plasma proteins 
and other large molecules are conserved by retention thereof 
in the primary circuit at the hemoconcentrator. 
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0061 Pump flow is initially based on the hematocrit of the 
patient 100 and can be subsequently regulated with knowl 
edge of hemoconcentrator inlet pressure as determined by an 
inlet port. That is, a port may include a stopcock for monitor 
ing the inlet pressure and/or for sampling of the fluid. In one 
embodiment, connection of the components in the secondary 
circuit is by tubing. One skilled in the art will understand that 
other connector mechanisms can also be used in accordance 
with several embodiments of the current invention. In other 
embodiments, blood pump flow is fixed at about 100 mL/min. 
In yet another embodiment, the blood pump flow is lowered 
below 100 mL/min to accommodate hemodynamically 
unstable patients. In another embodiment, pump flow is regu 
lated using TMP measurements. Blood flow can be monitored 
manually or via an automated feedback system, based upon 
TMP values. 
0062. In one embodiment of the present invention, only 
two pumps are used, a combined blood/diluent pump and a 
concentrator pump. A separate blood pump is not used. A 
single pump positioned Substantially as pump 102 shown in 
FIG. 1, regulates both patient blood and diluent flows. A 
pump with the capability of dual raceway control or a tradi 
tional single raceway pump coupled with thumb screw con 
trol of diluent flow can be used. In the latter case, the “dual' 
pump flow would be regulated at a flow rate of about 100-1, 
000 mL/min, accounting for the combined flows from the 
patient 100 and the diluent reservoir 113. 

System Operation-Concentrator Pump 

0063 A concentrator pump 110 is shown in FIG.1. In one 
embodiment, pump 110 propels blood to a second filter 112. 
The target molecules are trapped by this second filter 112 with 
a porosity of about 10-30 kD. For example, endotoxins from 
the cell wall of Gram negative bacteria containing protein and 
negatively-charged lipopolysaccharide (LPS) with a molecu 
lar weight of about 10-100 kD are captured in filter 112. In 
one embodiment, about 99% or more of such material is 
captured. In one embodiment, plasma hemoglobin and myo 
globin are also trapped by this filter. In yet another embodi 
ment of this system, the majority of molecules with a molecu 
lar weight of less than about 10-30 kD pass through module 
112 to the large-capacity diluent reservoir 113 where they 
mix with crystalloid. 
0064. In one embodiment, ultrafiltration occurs in the 
hemoconcentrator 106 at the pressure drop previously indi 
cated much as it does in the glomerular units of the natural 
kidney. However, the natural kidney prevents the passage of 
the small and plentiful plasma protein albumin (67-69 kD 
molecular weight) and permits occasional passage of free 
plasma hemoglobin (64kD molecular weight), thereby dem 
onstrating a sharp cutoff at a molecular weight of about 65 
kD. In one embodiment, the hemoconcentrator 106, with 
60-95 kD porosity, is effective at prohibiting passage of 
plasma proteins (less than about 5% of plasma albumin, less 
than about 2% of plasma globulin sieved) while permitting 
Sufficient passage of electrolytes, BUN, creatinine, myoglo 
bin and glucose to ensure normal plasma osmolality. 
0065. In one embodiment, larger molecules, such as 
plasma hemoglobin, are incompletely sieved (about 25-95% 
of plasma concentrations). Permeability of target molecules 
IL-1B, IL-6 and some LPS is about 100% (appearing in the 
ultrafiltrate in concentrations equivalent to plasma) in one 
embodiment of this system. TNF-C., with a molecular weight 
of 17-54 kD. is far less permeable than other molecules simi 
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lar in size, indicating that factors other than simple molecular 
weight are important. Thus, in one embodiment, IL-6, IL-1 B 
and some LPS are effectively and efficiently removed by this 
system in high percentages. 

Hemoconcentrator 

0066. One or more hemoconcentrators are used in several 
embodiments of the present invention. The hemoconcentrator 
106 is constructed of a hollow cylinder formed 106a (FIG. 
1A) of polycarbonate or similar material. The cylinder 106a 
is, in one embodiment, approximately 10 inches long and 
about 1.5 inches in diameter. An inlet and an outlet of suitable 
configuration to be attached to conventional medical tubing 
are provided in caps and at opposite ends of the cylinder 106a. 
The caps are typically threadedly attached to the cylinder 
106a. In addition, at least one effluent or drainage port is 
provided adjacent one end of the cylinder 106a. The interior 
of the cylinder 106a is filled with filter material comprising 
polysulfone hollow fibers 106c, has a surface area of between 
about 1.2 m to about 2.4 m with a pore size of about 70-90 
kD and is capable of removing blood proteins and cell media 
tors whose molecular weight is less than about 85 kD. The 
embodiment illustrated in FIG. 1A comprises a central core 
106b formed of the hollow fibers 106c axially disposed within 
the hollow cylinder 106a. Because the blood is diluted to 
about 5% to 20% hematocrit, the gel layer formed by the 
blood is not thick enough to substantially reduce the effective 
pore size of the hollow fibers 106c, as it is in conventional 
hemofiltration techniques. Here, it estimated that the pore 
size is reduced by about 5% to 20% by the gel layer formed, 
whereas intraditional hemofiltration techniques, the pore size 
is reduced significantly more. 
0067. In one embodiment, two hemoconcentrators con 
nected in series, are used. Use of two or more hemoconcen 
trators in series is particularly efficient at reconstituting blood 
at lower than about 10% hematocrit back to whole blood 
hematocrit. Additionally, when running the system at slower 
flow rates (i.e. at lower than about 100 mL/min), the extra 
Surface area provided by two or more hemoconcentrators is 
helpful in preventing clogging of the filter. Moreover, in some 
embodiments, a series of hemoconcentrators is better able to 
share the load of ultrafiltrate removal without exceeding 
desired filtration fractions. In one embodiment, two concen 
trator pumps are used to remove the ultrafiltrate. A dual race 
way pump can be used in accordance with several embodi 
ments of the current invention. In one aspect of the invention, 
each concentrator pump is controlled separately, allowing 
further optimization and control offiltration fraction for each 
hemoconcentrator. One skilled in the art will understand that 
more than two hemoconcentrators can be used in accordance 
with embodiments of this invention. 

0068. In one embodiment, a hollow fiber or filter surface 
area of about 1.2 m to about 2.4 m is used to provide 
sufficient area to reconstitute the diluted blood in volumes 
equivalent to those added to the circuit. Typically, blood 
returning to a septic patient is not substantially diluted 
because the patient may experience secondary pulmonary 
dysfunction. 

Ultraviolet Irradiation 

0069. In some embodiments of the present invention, it is 
advantageous to use UV irradiation to inactivate microorgan 
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isms. FIGS. 2-6 show several views of a UV irradiator and bag 
used in some embodiments of the instant invention. 

0070. In one embodiment, shown in FIG. 2, the irradiator 
includes a bag 204 and UV channel (grid lamp) 211 shaped in 
a serpentine path. Two quartz plates 212 used to compress the 
blood within the bag are also provided. A cross-sectional view 
204a of the UV bag 204 and an enlarged view thereof 204b is 
shown in FIG. 2. A blood flow channel 205 is shown in the 
cross-sectional view 204a. During treatment, the UV bag 
contains one or more of the following: plasma 206, red blood 
cells 207, white blood cells 208, platelets 209 and bacteria 
210. In one embodiment, the bag 204 is disposable and made 
of a biocompatible ethylene vinyl acetate (EVA) material. 
In another embodiment, the bag is made of a fluoropolymer. 
The bag is typically open at each end and with a small inlet 
therethrough. In one embodiment, the bag 204, or fluid cham 
ber, is approximately 15 to 20 inches long and about 8 to 10 
inches wide with a fluid path having a width of about 0.75-1 
inches. The inlet has an inside diameter of about 3/16 inch and 
is about /2 inch long. Any Suitable length for secure connec 
tion to the tubing can be used. This design optimizes the 
appropriate amount of turbulence to ensure bacterial reduc 
tion while preventing cellular debris from building up on the 
surface of the UV bag. One advantage of this design is that it 
prevents cellular debris build-up on the surface of the bag 
which would otherwise occlude the transmission of the UV-C 
and prevent adequate bacterial reduction. 
(0071 FIGS. 3 A-E show various views of one embodiment 
of the UV system. The assembly consists of a UV grid lamp 
303 and lamp Support structure 301, comprising a lamp Sup 
port 302. In one embodiment, the UV grid lamp 303 is sup 
ported in the UV lamp holder by buss wire 317. Quartz glass 
plates 305 are affixed to each side of the UV lamp holder with 
frames 306. Athermister 310 is held against the UV grid lamp 
303 by a mounting block 309 to sense lamp temperature 
during use. Screws 311, 312, and 313 are provided as attach 
ment means. Strain relief clamp 308 is provided to retain 
lamp wires. Hole 307 is provided as an alignment means. 
Hole 314 is provided as an attachment means. At least one 
spring 316 and one screw 315 is provided to hold the ther 
mister mounting block 309 against the lamp 303 with spring 
force. An O-ring 304 is provided to seal the UV lamp 303 
from any blood leakage in the event that irradiator bag leaks. 
0072. In one embodiment, the UV irradiator assembly is 
used to irradiate dilute extracorporeal blood with UV-C 
energy in the range of about 200-280 nm. In a preferred 
embodiment, UV-C light in the range of 254 nm is used. An 
open view of the irradiator is shown in FIGS. 4 and 5. In one 
embodiment, shown in FIG.4, the assembly consists of a 200 
WUV-C grid lamp 411 and lamp support structure 413, and 
two quartz glass plates (compression plates) to constrain the 
diluted blood in the irradiator bag to approximately 0.025" 
thickness. At least one UV-C sensor 414 is also provided. UV 
sensors and temperature sensors are used to optimize ultra 
violet output of the bulb. In several embodiments, an optical 
sensor 414 for monitoring ultraviolet light during irradiation 
is used. According to data received from the sensor, the dose 
or intensity of UV light is adjusted. The UV light can be 
adjusted manually or adjustment can be automated. In one 
arrangement, electrical feedback control is provided from the 
sensor to the UV irradiator, thereby eliminating the need for 
manual control of light intensity. 
0073. In several embodiments, a safety interlock switch is 
provided to prevent unwanted user exposure to UV-C when 
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loading/unloading the disposable set of materials. In one 
embodiment, the irradiator includes a conventional ultravio 
let light source with a radiation wavelength of about 254 nm. 
One skilled in the art will understand that other suitable 
Sources can also be used in accordance with several embodi 
ments of the current invention. The UV source is connected to 
a suitable power source via a connector. The UV source is 
covered with a quartz plate which is used to compress the bag 
to allow maximum exposure of the blood solution. One 
skilled in the art will understand that plates made of any 
material that permits transmission of UV-C light can also be 
used in accordance with several embodiments of the present 
invention. 
0074 FIG. 5 also shows an irradiator in open position. In 
one embodiment, compression plates are hingedly attached to 
each side of the UV lamp holder by links 519. Air flow from 
the cooling duct 524 is used to keep the UV lamp at the proper 
temperature. A serpentine blood path 525 positioned within 
the irradiator bag521 allows diluted blood to flow past the UV 
grid lamp. 
0075. A closed view of the irradiator is shown in FIG. 6. In 
one embodiment, the compression plates 618 are fastened to 
the UV lamp holder by thumbscrews 620. Compression 
plates 618 include inner 618a and outer 618b plates. The 
compression of the irradiator bag is set by the set screw 622. 
Lamp Support structure is also shown 613. 
0076. In one embodiment, the UV assembly, including 
quartz plate, is mounted within an aluminum enclosure which 
is impermeable to UV light. In a preferred embodiment, the 
two quartz plates compress the blood within the bag to 
approximately 0.006-0.1 inches in order to establish a narrow 
space for blood flow therethrough. In one embodiment, a bag 
is placed on each side of the UV lamp. This configuration 
effectively doubles the UV-C exposure with a single grid 
lamp. 
0077. In one embodiment of the current invention, hep 
arinized and possibly anti-oxidant or pharmaceutically 
treated blood in the extracorporeal circuit shown in FIG. 1 
enters the inlet and passes through the serpentine path while 
a dose of approximately 1-50 mW/cm2 of UV-C, preferably 
1-19 mW/cm2 of UV-C, more preferably 4-9 mW/cm2 of 
UV-C (the “effective' dose) is applied to the blood mixture. In 
one embodiment, the irradiator bag is placed between two 
quartz plates that compress (when closed) the diluted blood to 
about 0.025 inches in thickness, thereby facilitating the anti 
microbicidal effect of the UV irradiator which delivers 1-50 
mW/cm of energy at 254 nm, preferably 2-20 mW/cm of 
energy at 254 nm, more preferably 10-12 mW/cm of energy 
at 254 nm. 

Automation 

0078. In several embodiments, an on-line optical sensor 
for monitoring hematocrit during hemodialysis is used. These 
optical sensors are reported in the art (Jabara and Murta 
(1995), herein incorporated by reference). In this arrange 
ment, electrical feedback control from Such a sensor to pump 
114 would eliminate the need for manual control at this point 
of the system. 
0079. In one embodiment, an electronic weight scale, or 
load cell 160, shown in FIG. 1, is provided. The load cell is 
used to measure or quantify the Volume or mass of diluent. In 
one embodiment, a strain gauge beam-type load cell is used to 
measure the weight of the diluent bag. In one embodiment, 
the load cell is used to weigh the diluent bag continuously and 
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control pump speeds. In one aspect, the load cell maintains a 
constant diluent weight, thereby maintaining return patient 
hematocrit at the same value as input patient hematocrit. In 
one embodiment, the diluent volume is kept constant at 750 
mL in the diluent bag. One skilled in the art will appreciate 
that any given setpoint Volume can be used. 

Computer Hardware and Software 
0080 Conventional computer hardware and software can 
be used with the HemaChargeTM (HemaVation, Costa Mesa, 
Calif.) device for clinical trials. In one embodiment, the 
HemaCharge system is a computer-controlled device running 
off-the-shelf (OTS) DasyLab(R) (National Instruments, Aus 
tin, Tex.) software under Windows(R 98 (Microsoft, Red 
mond, Wash.). FIG. 12 shows an overview of one embodi 
ment of the present invention. 
0081. In one embodiment, the hardware comprises an off 
the-shelf Pentium-based Advantech(R) computer with a color 
LCD display and touch screen connected to an off-the-shelf 
DaqBook 200R data acquisition and control system (Iotech 
Corporation). In one embodiment, the production device uses 
custom hardware and Software. This system interfaces to 
pumps, clamps, ultraviolet lamp and transducers. In one 
embodiment, one or more pressure transducers or tempera 
ture sensors located at various points in the primary or sec 
ondary circuit are used as feedback for the software to ensure 
safe and optimal operation. In one aspect of the invention, the 
hardware includes an independent Watchdog Timer. If the 
OTS software or Windows 98 stops running, the Watchdog 
Timer is designed to turn off power to the lamp, pumps and 
clamps, which will stop flow, clamp blood lines and place the 
system into a safe mode. The clinical procedure would be 
stopped with a loss of approximately 250 mL of extracorpo 
real blood in the circuit, in the event of a failure. 

User Operation 

0082 In one embodiment, four basic modes of operation 
are provided: (1) setup mode, (2) prime mode, (3) run mode, 
and (4) shut down mode. 
0083. Setup mode is used for loading a disposable set of 
materials, including spiking user-supplied diluent bag. The 
disposable set of materials includes one or more of the fol 
lowing: a hollow fiber filter used for hemoconcentrating 
dilute blood, one or two hollow fiber filters for cytokine 
removal, an irradiator bag assembly, and two additional bags 
(one for priming and one for containing diluent). During this 
mode, all pumps, clamps and alarms are disabled. Message 
prompts direct user through disposable set loading, input of 
patienthematocrit and blood Volume, and calibration of pres 
SUSSOS. 

0084. The user initiates prime mode by depressing the 
appropriate key on the touch screen display, at which time 
both the primary and diluent circuits are primed, and the 
diluent bag will be filled to the proper level. Once filled, a 
heater 113a warms the contents of the diluent bag to normal 
body temperature. Once the circuit is primed, debubbled, and 
up to temperature, the clinician then pauses the system, and 
connects inlet and outlet lines to the patient catheter. In some 
embodiments, aheater or heat exchanger 108 is used to warm 
or cool at least someportion of the blood or diluent to between 
about 34° C. to about 42° C. In some instances, a heat 
exchanger 108 is used to warm or cool the blood temperature 
to body temperature prior to reintroduction into the patient. In 
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some embodiments, a heater 108 is used to increase the tem 
perature of at least a portion of the blood by about 1° C. to 
about 10° C. 
I0085. Once priming is completed and patient is connected, 
the user initiates run mode, at which time primary circuit 
priming volume (-250 mL) is displaced by patient blood, and 
infused into the patient. During normal operation, patient 
blood is introduced to the device, diluted, irradiated, and 
hemoconcentrated back to the proper hematocrit before being 
returned to the patient. 
I0086. At the end of the procedure, in shut down mode, the 
user pauses the system, disconnects the patient Supply line 
and attaches it to the diluent bag. The user then resumes blood 
flow, displacing the remaining blood in the primary circuit 
with diluent, thereby returning extracorporeal blood to the 
patient. Pumps are stopped when diluent has displaced the 
blood in the return line. At this time, the catheter is removed 
from the patient and the disposable set of materials is dis 
carded. 

Bacterial Reduction And Cytokine Sieving 

0087. In several embodiments of the current invention, a 
system is provided to reduce bacterial load in patient blood. In 
many embodiments, cytokines and other immune system 
mediators are removed. As used herein, the term “removed', 
and any tense thereof, shall be given its ordinary meaning, and 
shall also mean reduced in concentration, quantity and/or 
efficacy. FIG. 7 shows UV-C penetration as a function of 
hematocrit and blood thickness. FIG. 8 shows dilutional 
effect on bacterial reduction in vitro. FIG. 9 shows bacterial 
reduction data at various patient hematocrits in the Hema 
Charge system at 6 L blood volumes. FIG. 10 shows bacterial 
reduction data at 30% patient hematocrit at 3 L blood vol 
umes. FIG. 11 shows cytokine sieving/reduction data in vitro 
at 6 L blood volumes. In one embodiment of the present 
invention, diluted blood passes through tubing to the bacte 
ricidal ultraviolet (UV) irradiation device, shown schemati 
cally in FIGS. 2A-D. Controlled in vitro experiments have 
demonstrated that UV irradiation penetrates the blood more 
effectively when whole blood (26-55% hematocrit) is diluted 
to a hematocrit of about 5-20% (see FIG. 7) thus translating 
into a more efficient microbicidal activity (see FIG. 8). Fur 
ther, when diluted blood is presented to the hemoconcentrator 
106, target molecules are more effectively removed by siev 
ing. In many embodiments of the current invention, toxic 
targets, such as bacteria and immune system mediators, are 
removed from a patient’s blood without using ultraviolet light 
irradiation. In some of these embodiments, a series of hemo 
concentrators and filters are used to reduce pathological tar 
gets in blood. Immune system mediators, include, but are not 
limited to, inflammatory mediators. Inflammatory mediators 
include, but are not limited to, TNF, IL-1B, IL-6, IL-8, IL-10, 
IL-12, LPB, IFNY, LIF, MIF, MCP-1, C3-a, C5-a, exotoxins 
and endotoxins. In one embodiment, the concentration of at 
least one inflammatory mediator is reduced by about 75% in 
less than about 4 hours using embodiments of the current 
invention. In another embodiment, the concentration of 
TNF-C. is reduced by about 50% in less than about 4 hours. 

Vitamin Therapy 

I0088 Vitamin therapy is used in several embodiments of 
the current invention as an adjunctive therapy. In several 
embodiments, a system and method of reducing toxins in a 
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patient's blood using vitamin therapy is provided. These vita 
mins include the free radical quenchers and antioxidants 
described below, and also include several vitamins which 
exert their action by reducing the concentration of toxins, 
including, but not limited to bacteria, viruses, free radicals 
and inflammatory mediators, in the blood. In one embodi 
ment, vitamins are added to the blood prior to, during and/or 
after treatment with the concentrator/filter embodiments 
described herein. Vitamins are administered directly to the 
patient and/or are added to the various components of the 
concentrator/filter embodiments, including, but not limited 
to, the tubing, the pump, the filters and the diluent Source so 
that the blood can be exposed to the vitamins while being 
concentrated or filtered using this system. Antioxidants and 
free radical quenchers administered in several embodiments 
of the current invention, include, but are not limited to, Zn, 
Cu, manganese, selenium, vitamin A, C, E, B complex, K. P. 
lycopene, Superoxide dismutase, co-enzyme Q10, catechins, 
polyphenols, flavanols, depsides (chlorogenic acid, couma 
roylquinic acid and theogallin), quinic acids, carotenoids, 
thearubigens, theaflavin and theaflavic acids are used to 
reduce bacterial load in blood processed by several embodi 
ments of the current invention. In one embodiment, a combi 
nation of Vitamin A, C, E and Zinc is used. In one embodi 
ment, naturally-occurring and/or synthetic theaflavin is used. 
In one embodiment, ethyl pyruvate, a chemical additive with 
anti-oxidant properties, is used. One skilled in the art will be 
able to determine the appropriate dose of antioxidants, to be 
administered. In one embodiment, doses are adjusted per 
blood Volume to yield maximum plasma concentration values 
(Cmax) of about 1 pg/mL plasma to about 1 mg/mL plasma 
per individual component. Preferably, doses to achieve Cmax 
values of about 10 ng/mL to about 1000 ng/mL are provided. 
In one embodiment, the following plasma concentrations are 
used: Vitamin B12 at 0.2-0.5 mg/mL. Vitamin E at 0.13 
IU/mL, Vitamin C at 0.16 mg/mL, Vitamin Pat 0.65 mg/mL, 
Vitamin A at 0.02 IU/mL and Vitamin K 0.003 mg/mL. 
0089. In one embodiment, one or more vitamins are added 
to the blood while the blood is being processed through the 
system of the current invention. In other embodiments, 
patients are treated with a vitamin cocktail prior to treatment 
using the present invention. In some embodiments, patients 
are given the vitamin cocktail after their blood has been 
treated with the present invention in order to maintain a 
reduced cytokine and/or bacterial load. In some embodi 
ments, vitamin therapy is administered in between treat 
ments. Extracorporeal blood may also be treated at any time 
before, during or after treatment with the system of the cur 
rent invention. In embodiments in which Vitamin therapy is 
provided simultaneously with treatment by the system of the 
current invention, one or more vitamins are pre-mixed with 
the diluent. In another embodiment, a vitamin cocktail is 
added to the pump, so that the vitamins and blood and/or 
diluent mix with the vitamins during processing. One of skill 
in the art will understand that vitamins can be added at any 
stage and in any component of the current blood treatment 
system. 
0090. In one embodiment, pharmacological therapy is 
administered in Substantially the same way as described 
above for vitamin therapy. In one embodiment, insulin 
therapy is provided to facilitate cellular glucose entry for 
improved mitochondra performance. One skilled in the art 
will appreciate that other drugs which facilitate cellular glu 
cose entry and/or for improving mitochondria performance 
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can also be used in accordance with several embodiments of 
the current invention. In another embodiment, nitroglycerin is 
provided to improve microcirculation in order to improve 
organ oxygenation. One skilled in the art will appreciate that 
other drugs which improve microcirculation can also be used. 
0091. In several embodiments, vitamin therapy is used in 
conjunction with a UV irradiator. In one embodiment, anti 
oxidants and other free radical quenchers are used to reduce 
free radicals which may be produced by the UV light and as 
a result of typical sepsis-induced cell damage. In some 
embodiments, the vitamins used to treat the blood to prevent 
activation of cells which initiate build-up on the surface of the 
UV bag and occlude the transmission of the ultraviolet light. 
One skilled in the art will appreciate that pharmaceuticals, 
chemicals or other agents can also be used instead of, or in 
addition to, the anti-oxidants and quenchers described herein. 
In one embodiment, the UV-C facilitates the penetration of 
pharmaceutical agents into cells more effectively by activat 
ing cell membranes to increase permeability. 

EXAMPLES 

0092. The following Examples illustrate various embodi 
ments of the present invention and are not intended in any way 
to limit the invention. 

Example 1 
The HemaCharge Device 

0093. In one embodiment of the current invention, shown 
in FIG. 13, an embodiment referred to as “the HemaCharge 
device' is provided. In this embodiment, the system com 
prises three pumps (blood pump 1302, diluent pump 1304, 
and hemoconcentrator pump 1306), an ultraviolet irradiator 
lamp assembly 1308 and a load cell 1310 to maintain proper 
hemodilution and hemoconcentration of patient blood. The 
user interface is a backlit LCD touchscreen display 1312. The 
device also incorporates clamps, a bubble detector, pressure 
sensors, temperature sensors, a UV sensor, as well as visual 
and audible alarms for patient safety. A power Supply module 
is provided containing an isolation transformer, a solid-state 
electronic ballast, and associated electronics to produce about 
5-24VDC to power the pumps, clamps, and sensors. A strain 
gauge beam type load cell is provided to measure the weight 
of the diluent bag. A 70-90 kD polysulfone hollow fiber filter 
1314 used for hemoconcentrating dilute blood and two 10 kD 
polysulfone hollow fiber filters 1316 for cytokine removal are 
also provided. 
(0094. The UV irradiator assembly 1308 is used to irradiate 
dilute extracorporeal blood with 254 nm UV-C energy. The 
assembly consists of a 200 W UVC grid lamp and lamp 
Support structure, two quartz glass plates and compression 
plates to constrain the diluted blood in the irradiator bag to 
approximately 0.025" thickness, and UV-C and temperature 
sensors to optimize ultraviolet output of the bulb. A safety 
interlock Switch is provided to prevent unwanted user expo 
sure to UV-C when loading/unloading the disposable set of 
materials. 
(0095. The three pumps consist of a blood pump 1302 for 
pumping whole blood from the patient to the irradiator, a 
diluent pump 1304 for introducing diluent into the whole 
blood before the irradiator, resulting in hemodilution to about 
10% HCT, and a concentrator pump 1306 used to provide a 
transmembrane pressure across the 70-90 kD filter 1314 for 
hemoconcentration before returning blood to the patient. 
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Pump control is accomplished by using proportional-inte 
gral-differential (PID) feedback loops from encoders located 
on each pump motor, along with pump ratio parameters cal 
culated from user input of HCT and blood flow rate. 
0096. Three clamps are provided: one each on the patient 
inlet and outlet lines for patient isolation and safety, and a 
third clamp to allow by-passing of the cytokine filter 1316 for 
discontinuance of cytokine filtration. The bubble detector is 
located immediately before the patient return line clamp for 
protection against returning air emboli to the patient. 
0097. Five pressure sensors are used; one each on the 
patient inlet and return lines, one before the irradiator bag 
assembly inlet, one at the hemoconcentrator inlet, and one 
located between the hemoconcentrator ultrafiltrate outlet and 
the concentrator pump 1306. The inlet pressure sensor can be 
used to determine maximum allowable blood flow rate based 
on vascular access and catheter placement parameters; the 
patient return line sensor can likewise indicate catheter place 
ment issues on the return side, as well as provide a measure of 
safety against excessive return pressures. The sensor located 
before the irradiator bag assembly provides an indication of 
bag pressure and is used to prevent over pressurization of the 
irradiator bags. The sensors located at the inlet and ultrafil 
trate outlet of the hemoconcentrator 1306 as well as the 
patient return sensor can be used together to determine hemo 
concentratorTMPTMP can be used to determine appropriate 
blood flow rates and to determine adequate performance of 
the hemoconcentrator 1306. Visual and audible alarms are 
provided for out-of-range pressures. 
0098 Temperature is sensed at one or more of the follow 
ing locations in the circuit: patient inlet and outlet, irradiator 
bag assembly outlet 1308, and on the diluent bag. Addition 
ally, the UV lamp temperature is also monitored for optimi 
zation of UVC output. Sensors in the extracorporeal circuit 
are used to assure a safe blood temperature throughout the 
circuit. Visual and audible alarms are provided for out-of 
range temperatures. 
0099 Computer hardware and software, described sub 
stantially as above, is used with the HemaCharge device. 
0100. In one aspect of the HemaCharge device, a dispos 
able set of materials is provided. The disposable set comprises 
a 70-90 kD polysulfone hollow fiber filter 1314 used for 
hemoconcentrating dilute blood, one or two 10 kD polysul 
fone hollow fiber filters 1316 for cytokine removal, an EVA 
irradiator bag assembly, and two PVC bags; one for priming 
and one for containing diluent. Although one skilled in the art 
will understand that several filters can be used in accordance 
with various embodiments of the present invention, polysul 
fone hemofilters are particularly advantageous because of 
their biocompatibility and because they absorb serum factors 
associated with complement factor C3bi expression on neu 
trophils and monocytes. In some embodiments, electrostati 
cally charged, melt-blown material. Such as polypropylene, 
can be used. The disposable set also incorporates a bubble 
trap, two injection sites for administering medications, and 
the required tubing interfaces for the pressure and tempera 
ture sensors. Catheters and diluent for priming are user-Sup 
plied items. All tubing is PVC, and disposable sets are tested 
for biocompatibility and sterility before initiation of treat 
ment. 

Example 2 
In Vitro Studies 

0101 Over one thousand in vitro experiments have been 
conducted to date using several embodiments of the present 
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invention. Factors investigated included appropriate UV 
transparent material, hematocrit of blood for optimal UV 
absorption, ideal blood flow path for adequate UV exposure, 
ideal UV dosage, ideal pore size of hemofilters, ideal surface 
area of hemofilters, ideal blood model, development of por 
cine cytokine assays, various circuit coatings and optimal 
flow rates. 

0102 FIGS. 8-10 show data from bacterial reduction stud 
ies. In one embodiment, a logarithmic base ten reduction 
(90%) of Staphylococcus aureus (ATCC 6538p) was pro 
vided within three hours and in Some instances a two loga 
rithmic base ten (99%) reduction within six hours of UV-C 
exposure. Staph. aureus was selected as the bacterial model 
because it is one of the most common organisms associated 
with sepsis and because it is considered one of the most 
difficult to kill. One skilled in the art will understand that 
other bacteria can also be effectively reduced in accordance 
with several embodiments of the current invention. FIG. 9 
demonstrates a series of 36 bacterial reduction experiments 
conducted at a blood volume of 6 liters. The maximum UV 
dosage was 16.14 kJ. Patient blood flow rate was 100 
mL/min. 31 UV experiments and 5 controls were performed. 
FIG. 10 demonstrates a series of 8 bacterial reduction experi 
ments conducted at a blood volume of 3 liters. The maximum 
UV dosage was 12.90 kJ. Patient blood flow rate was 100 
mL/min. 5 UV experiments and 3 controls were performed. 
0103) These in vitro experiments were conducted with 
three or six liters of fresh bovine whole blood anti-coagulated 
with EDTA. To allow for the UV to penetrate the blood and to 
facilitate the efficient sieving of middle molecular weight 
molecules, the blood was diluted to 10% prior to entering the 
irradiator and then re-concentrated to the starting hematocrit 
via the 85 kD hemoconcentrators. Bovine blood anti-coagul 
lated with EDTA was chosen as the blood model because it is 
an industry accepted Standard for evaluating hemofilters and 
because it is less Subject to daily variations. Each experiment 
used a breadboard-UV irradiator at a patient blood flow rate 
of 100 mL/min. Additionally, controls were conducted with 
out the UV-C light to determine how the system and fresh 
blood affect the level of bacterial reduction alone. As indi 
cated in the graphs, the UV-C energy was responsible for the 
90% reduction of bacteria. Other studies were conducted at 
various blood Volumes, flow rates and patienthematocrits and 
resulted in at least a 90% reduction in Staph. aureus. 
0104 FIG. 11 shows data from cytokine sieving, or reduc 
tion, studies. Typically, cytokine reduction studies have been 
conducted on TNF-C. IL-1B and IL-6 because these cytokines 
have been well-established as markers for sepsis. Addition 
ally, down-regulating the immune system, as opposed to Sup 
pressing it completely, may be important in treatment. A 
50-75% reduction in key inflammatory mediators can reverse 
the exaggerated immune response and allow the immune 
system to become effective again. FIG. 11 shows several 
embodiments of the current invention provide at least a 
50-75% clearance of all three target molecules within three 
hours. Cytokine studies were conducted as described above 
for the bacterial reduction experiments Additional studies 
have been conducted at various blood volumes, flow rate and 
patient hematocrits. One skilled in the art will understand that 
in various embodiments of the current invention, the current 
system will be able to remove several cytokines and cell 
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mediators, including, but not limited to, TNF-C. IL-1B, IL-6, 
IL-10, IL-12, LPB, IFNY, LIF, MIF, MCP-1, C3-a, C5-a, 
exotoxins and endotoxins. 

Example 3 
In Vivo Studies 

0105. Over eighty animal studies have been conducted in 
accordance with several embodiments of the current inven 
tion. Variables investigated included appropriate animal mod 
els, effects of UV dosage, maintaining a pig under anesthesia 
for up to 16 hours, ideal flow rates, various circuit coatings, 
various anticoagulants and various replacement fluids. The 
cell Safety data represents 16 animal trials encompassing four 
different safety models: Sham, Tubing Control, UV Control 
and Experimental. All trials were conducted on 50-68 kg SPF 
Yorkshire pigs anesthetized and in recumbent position. 
Venous blood supply was obtained by way of a femoral vein 
cut-down and blood pressure was monitored via the femoral 
artery. Each subject was monitored for at least one week 
post-treatment. The following is a brief description of each 
model: 
0106. In the sham model, a 12 french double lumen cath 
eter was placed in the femoral vein and the subject was 
monitored for six hours. 
0107. In the tubing sham model, the technique was similar 
to the sham model, with the addition of a simple extracorpo 
real circuit composed of dialysis tubing with an equivalent 
extracorporeal volume of the system and one blood pump set 
to 100 mL/min. 
0108. In the control model, the breadboard system was run 
for six hours at a patient blood flow rate of 100 mL/min 
without exposing the blood to UV-C. 
0109. In the experimental model, the complete breadboard 
system was run for six hours at a patient blood flow rate of 100 
mL/min while exposing the blood to UV-C. 
0110. The data for all models demonstrated that the white 
blood cell counts decreased during the first 60 minutes of the 
procedure, and tended to increase thereafter. The control 
model had the lowest six-hour white blood cell count; how 
ever, this sample was only slightly lower than the experimen 
tal model. Thus, the current system is the major factor affect 
ing the white blood cell count, which is a typical response to 
extracorporeal circulation. The UV-C was not a significant 
factor in the decrease. The increase in post-treatment white 
blood cell counts is a typical response to anesthesia and 
extracorporeal devices. Ultimately, the one-week (168 hr) 
sample for all models demonstrated essentially the same 
white blood cell counts, indicating that the effect of the circuit 
was temporary. 
0111. The red blood cell counts remained relatively stable 
throughout the treatment and recovery periods of all models. 
Overall, the circuit and the UV-C did not have an effect on the 
red blood cell counts. 
0112 The platelet counts typically exhibited a downward 
trend throughout the treatment period for the control and 
experimental models. The experimental model typically had 
the lowest overall six-hour platelet count. This count, how 
ever, was well above the safety cut-off level of 50,000 plate 
lets per deciliter. The decrease observed in both models indi 
cated that the system's circuit and the UV-C each had an effect 
on the subject's platelet levels. All platelet counts for each 
model increased to above-normal levels within 48 hours fol 
lowing treatment as a typical response to anesthesia and 
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extracorporeal devices. Ultimately, the one-week (168 hr) 
sample for all models demonstrates platelet counts within the 
normal range. This indicates that the effect of the circuit and 
UV-C are temporary. Other cell damage data collected are 
described and discussed below. 

0113. A methemoglobin assay was used to determine the 
level of damage to the hemoglobin molecule. A value less 
than 2% of the total concentration of hemoglobin in the blood 
is considered normal. All the samples were well within the 
normal range and did not significantly increase throughout 
the treatment. This indicates that the UV-C, at the given 
dosage, is not causing any significant damage to the hemo 
globin molecule. 
0114. A white blood cell viability dye exclusion assay was 
used to determine whether a white blood cell is viable due to 
damages to the DNA and cell membrane. If a cell takes in the 
dye, that cell is considered non-viable. Less than or equal to 
10% overall reduction from the baseline value is considered 
normal. All of the samples for each model were within the 
normal range. This indicates that the circuit and UV-C were 
not causing any damage to the cells. 
0115 A red blood cell osmotic fragility assay was used to 
determine any cell membrane damage that could cause future 
lyses when returned to the subject. Permeability of erythro 
cyte cell membranes is a factor to consider after UV irradia 
tion. A sample of blood is mixed with a 0.9% isotonic solution 
of saline and distilled water is added to the blood mixture until 
lyses is observed. The results are represented as the saline 
concentration at which the first cells begin to lyses (Initial 
Osmotic Fragility) and the saline concentration at which all of 
the cells are lysed (Complete Osmotic Fragility). The normal 
range for Initial Osmotic Fragility is 0.50-0.59% saline. The 
normal range for Complete Osmotic Fragility is s().50% 
saline. All of the samples for each model were within the 
normal range. This indicates that the circuit and UV-C were 
not causing any damage to the cells. 
0116 Platelet activation assays were used to determine the 
level of platelet activation. The assays are listed in order of 
platelet activation level: Platelet CD62P. Platelet Bound 
Fibrinogen, Monocyte-Platelet Aggregates and Neutrophil 
Platelet Aggregates. Samples for each assay were taken 
across the circuit at the following locations: From Subject, 
Pre-UV. Post-UV and Post-Hemoconcentrators. For every 
assay, the level of activation increased as the cells moved 
through the circuit. In other words, diluting, irradiating and 
hemoconcentrating the blood had a contributing and cumu 
lative effect on platelet activation. In particular, the Leuko 
cyte-Platelet Aggregates at the six-hour sample were up to 
levels seen in cardio-pulmonary bypass systems. 
0117. At the current dosage of UV-C, platelets were the 
only cells that were significantly affected. However, it is 
important to note that none of the platelet levels from any of 
the safety models discussed above would have prompted a 
physician to Supply replacement donor platelets to a human 
patient (i.e., less than about 50,000 platelets/dl). 
0118 While a number of preferred embodiments of the 
invention and variations thereofhave been described in detail, 
other modifications and methods of use will be readily appar 
ent to those of skill in the art. Accordingly, it should be 
understood that various applications, modifications and Sub 
stitutions may be made of equivalents without departing from 
the spirit of the invention or the scope of the claims. 
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What is claimed is: 
1. A method of treating a patient with a hematocrit of 

greater than 36% by removing one or more toxins from the 
patient's blood, comprising: 

removing at least a portion of the patient's blood having a 
hematocrit of greater than 36%; 

diluting said at least a portion of the blood with a diluent to 
provide diluted blood, thereby reducing the hematocrit 
of said at least a portion of the blood; 

concentrating the diluted blood thereby removing at least a 
portion of the diluent therefrom: 

filtering said diluted blood to remove one or more toxins 
from said diluted blood, thereby producing treated 
blood; and 

returning the treated blood to the patient. 
2. The method of claim 1, wherein said concentrating step 

and said filtering step occur Substantially simultaneously. 
3. The method of claim 1, further comprising returning the 

diluent removed from the blood to a diluent source via a 
recycle path. 

4. The method of claim 3, wherein said recycle path com 
prises a recycle path filter. 

5. The method of claim 4, wherein said recycle path filter in 
said recycle path comprises an electrostatically charged, 
melt-blown material. 

6. The method of claim 1, further comprising oxygenating 
the blood received from the patient. 

7. The method of claim 1, further comprising heating at 
least a portion of the blood to about body temperature. 

8. The method of claim 1, further comprising cooling at 
least a portion of the blood to about body temperature. 

9. The method of claim 1, further comprising heating at 
least a portion of the blood to between about 34°C. to about 
42O C. 

10. The method of claim 1, further comprising heating at 
least a portion of the blood to between about 34°C. to about 
42O C. 

11. The method of claim 1, further comprising changing 
the temperature of at least a portion of the blood by about 1° 
C. to about 10° C. 

12. The method of claim 1, wherein the step of removing at 
least a portion of the patient's blood comprises removing at 
least a portion of the patient's blood having a hematocrit 
within the range of about 36% to about 40%. 

13. The method of claim 1, wherein the step of removing at 
least a portion of the patient's blood comprises removing at 
least a portion of the patient's blood having a hematocrit 
within the range of about 41% to about 50%. 

14. The method of claim 1, wherein the step of removing at 
least a portion of the patient's blood comprises removing at 
least a portion of the patient's blood having a hematocrit 
within the range of about 51% to about 55%. 

15. The method of claim 1, further comprising providing at 
least one pump for moving said blood or diluent. 

16. The method of claim 1, further comprising transporting 
blood and diluent through a pump with a flow rate of less than 
400 ml/min. 

17. The method of claim 1, wherein the step of concentrat 
ing the diluted blood comprises providing two hemoconcen 
trators connected in series. 

18. The method of claim 1, wherein the step of concentrat 
ing the diluted blood comprises: 
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providing a hollow cylinder, and 
providing a central core formed of hollow fibers axially 

disposed within said hollow cylinder. 
19. The method of claim 18, wherein the step of providing 

a hollow cylinder comprises providing a hollow cylinder hav 
ing a length of about 10 inches and a diameter of about 1.5 
inches. 

20. The method of claim 18, wherein the step of providing 
a central core comprises providing a central core having a 
surface area in the range of between about 1.2 m to about 2.4 
m. 

21. The method of claim 1, wherein returning the treated 
blood to the patient further comprises providing tubing for the 
return path. 

22. The method of claim 1, further comprising providing a 
reservoir connected to receive material filtered from the 
blood. 

23. The method of claim 1, further comprising providing an 
inlet monitoring means for monitoring the pressure of the 
blood. 

24. The method of claim 1, wherein the step of diluting the 
blood to provide diluted blood, thereby reducing the hemat 
ocrit of said blood further comprises reducing the hematocrit 
to about 5% to about 20%. 

25. The method of claim 1, wherein the step of concentrat 
ing the diluted blood comprises providing a concentrator 
having a transmembrane pressure greater than 76 mmHg. 

26. The method of claim 1, wherein the step of removing at 
least a portion of the patient’s blood comprises removing at 
least a portion of the blood from a patient having an inflam 
matory disease. 

27. The method of claim 26, wherein the step of removing 
at least a portion of the patient’s blood comprises removing at 
least a portion of the blood from a patient having an inflam 
matory disease, wherein said inflammatory disease is 
selected from the group consisting of sepsis, acute renal 
failure, ischemic stroke, Sudeck's syndrome, chronic fatigue 
syndrome, heat stroke, Hodgkin's Disease, lupus, myocardial 
infarction, AIDS, viremia, HCV, HBV, tuberculosis, muscu 
lar dystrophy or multiple sclerosis, Acute Respiratory Dis 
tress Syndrome, and heart disease. 

28. The method of claim 1, further comprising administer 
ing one or more vitamins to the blood. 

29. The method of claim 28, further comprising exposing a 
portion of the patient’s blood to one or more vitamins in a 
dose sufficient to reduce at least one free radical in said 
portion of the patient’s blood. 

30. The method of claim 28, further comprising adminis 
tering one or more vitamins selected from the group consist 
ing of one or more of the following: Zn, Cu, manganese, 
Selenium, VitaminA, C, E, B complex, K. P. lycopene, Super 
oxide dismutase, co-enzyme Q10, catechins, polyphenols, 
flavanols, depsides, quinic acids, carotenoids, thearubigens, 
theaflavin, theaflavic acids and ethyl pyruvate. 

31. The method of claim 30, wherein said depside is chlo 
rogenic acid, coumaroylquinic acid or theogallin. 

32. The method of claim 1, further comprising administer 
ing a cocktail consisting of vitamin A, vitamin C. vitamin E 
and Zinc to a portion of the patient’s blood. 

33. The method of claim 1, further comprising administer 
ing insulin therapy to a patient's blood, comprising exposing 
a portion of the patient’s blood to insulin in a dose sufficient 
to facilitate cellular glucose entry. 
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34. The method of claim 1, further comprising administer 
ing nitroglycerin to a patient's blood, comprising exposing a 
portion of the patient's nitroglycerin in a dose Sufficient to 
facilitate microcirculation. 

35. A method for removing toxins from the blood of a 
patient comprising: 

removing blood having a hematocrit greater than about 
36% from the patient; 

diluting the blood with a diluent, thereby reducing the 
hematocrit of said blood and producing diluted blood; 

filtering the diluted blood with a first filter to receive the 
blood and extract cell mediators and diluent therefrom to 
produce filtered blood; 

re-filtering the filtered blood with a second filter to produce 
treated blood; and 

returning the treated blood to the patient. 
36. The method of claim 35, further comprising returning 

the diluent to a diluent source after re-filtering. 
37. The method of claim 35, wherein the step of filtering 

the diluted blood comprises filtering the diluted blood using a 
filter with a porosity of about 70 kilodaltons to about 90 
kilodaltons. 
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38. The method of claim 35, wherein the step of filtering 
the diluted blood comprises filtering the diluted blood using a 
filter material comprising polysulfone fibers. 

39. The method of claim 35, wherein the step of re-filtering 
the filtered blood comprises filtering the filtered blood using 
a filter with a porosity of about 10 kilodaltons to about 30 
kilodaltons. 

40. The method of claim 35, wherein the step of re-filtering 
the filtered blood comprises filtering the filtered blood using 
two filters connected in parallel, each filter having a porosity 
of about 10 kilodaltons. 

41. A blood treatment system comprising: 
a removal device to remove a portion of the patient’s blood, 

wherein said portion of the blood has a hematocrit 
greater than about 3.6%; 

a diluent source for Supplying a diluent to reduce the hema 
tocrit of the blood, thereby producing diluted blood; 

a concentrator device to receive said diluted blood in order 
to filter said diluted blood and to remove the diluent 
therefrom, thereby producing filtered blood; and 

a return path connected for returning said filtered blood 
from said concentrator device to a blood source. 
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