
US 20110006004A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0006004 A1 

Davidner et al. (43) Pub. Date: Jan. 13, 2011 

(54) APPARATUS AND METHOD FOR Publication Classi?cation 
DOWN-REGULATING IMMUNE SYSTEM (51) Int Cl 
MEDIATORS IN BLOOD B01D 61/00 (200601) 

(75) Inventors: Alan A. Davidner, Yorba Linda, 301D 11/ 00 (200601) 

CA (US); Kimberly A. Walker, 525% "II/g3: (3882-81) 
Huntington Beach, CA (U S); Scott ( ' ) 
R. Mallett, Coto De CaZa, CA (US) 

(52) US. Cl. ....... .. 210/639; 210/646; 210/259; 604/504 

Correspondence Address: 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET, FOURTEENTH FLOOR (57) ABSTRACT 
IRVINE, CA 92614 (Us) A method and apparatus for preventing and treating septice 

_ _ mia in patient blood is provided. The extracorporeal system 
(73) Asslgnee? HEMAVATION, LLC, h'vlnes CA includes an antimicrobial device to inactivate at least 99% of 

(Us) bloodbome microorganisms, a hemoconcentrator/?ltration 
unit to remove approximately 50-75% of target molecules 

(21) Appl' N05 12/834,719 from the patient blood and a ?lter unit to remove target mol 
ecules from patient blood from the sieved plasma ?ltrate. 
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 

(63) Continuation of application No, 11/739,574, ?led on and Gram positive bacteria, as Well as RAP protein mediator 
Apr, 24, 2007, now Pat, No, 7,753,869, which is a from Staphylococcus aureus, and cell mediators such as 
continuation of application No, 10/390,558, ?led on tumor necrosis factor-alpha, and interleukin l-beta, interleu 
Mar, 17, 2003, now Pat, No, 7 ,207,964_ kin 6, complement proteins C3a and C5a, and bradykinin. 

(22) Filed: Jul. 12, 2010 

Related US. Application Data 

PRIMARY CIRCUIT 

SECONDARY CIRCUIT ————————————— —— 

‘m5 ///0 

\- —:_ -------- __ 

T ‘. 1, I72 
,//04 I50 

4/; 

I, 
E 

4/4 -~' 
/ 1' 

_ \d , 



Patent Application Publication Jan. 13, 2011 Sheet 1 0f 15 US 2011/0006004 A1 

\s?q 

Iva ............. ./ Al » 

_ / 

W 

w\\\ W91 

3 “at 

§ § 5' 

“E \ 

at “Q %E 

............. : E616 5528mm CDQEQ 522mm 



Patent Application Publication Jan. 13, 2011 Sheet 2 0f 15 US 2011/0006004 A1 

MM 



Patent Application Publication Jan. 13, 2011 Sheet 3 0f 15 US 2011/0006004 A1 



Patent Application Publication Jan. 13, 2011 Sheet 4 0f 15 US 2011/0006004 A1 

wglr :30 f 
/ ® 

a 
Q‘ @ 
k 

1L :0 
X $66 _)@o @ 

FIG. 3B 



Patent Application Publication Jan. 13, 2011 Sheet 5 0f 15 US 2011/0006004 A1 

50f \ 

@ <93 
5% 

:Dok 
w;\@ @> K 
g g RS? % 

x 
"'3 



Patent Application Publication Jan. 13, 2011 Sheet 6 0f 15 US 2011/0006004 A1 

4/4 

FIG. 4 





Patent Application Publication Jan. 13, 2011 Sheet 8 0f 15 US 2011/0006004 A1 

622 

q 

10 
6/50 

5/66 

FIG. 6 



Patent Application Publication Jan. 13, 2011 Sheet 9 0f 15 US 2011/0006004 A1 

mod 

N GE 2; @3525 83m mwod Nod mwod 6.0 mood 
1 _ _ _ > _ 

Ammuz¥o=.:. moo-E um hozlzozkwzmzmm o>3 

on: com com cow com com cow 00m 00m coo? 
(ZVU-IQ/M") EIONVICIVEIEII 



Patent Application Publication Jan. 13, 2011 Sheet 10 0f 15 US 2011/0006004 A1 

% .U@ 
235:: 

0mm omm oom owm owm 05 0E 02 ONP om 

om on 

o 

cm 

\ 
& 

Ion ow om om 

E 

on on om 00F 





Patent Application Publication Jan. 13, 2011 Sheet 12 0f 15 US 2011/0006004 A1 

3 UR 

omp 

23x3: 
omP oNP om om 

_ _ 

on o 

0O 'IVIEIEILOVH 

: 0/ [a Big; 

mom-co. P 

3 omdp mo<moa >3 232x32. 



Patent Application Publication Jan. 13, 2011 Sheet 13 0f 15 US 2011/0006004 Al 

N \ UR 

0 m w 

3139.82: 
m N F 

0.0 00.0P 00.0N 00.0w 00.0w 00.00 00.00 00.0% 00.00 

R 
00.00 00.00P 



Patent Application Publication Jan. 13, 2011 Sheet 14 0f 15 US 2011/0006004 A1 

mmmozamzf? Qz< mnzzjo magi £25 >3 ) 

Q 6E 

, 



Patent Application Publication Jan. 13, 2011 Sheet 15 0f 15 US 2011/0006004 A1 

\ 

* 

\ //J/Z \ \ V 

\ f 
\ 
\ % I506 

/\_/ lJ/4’ ‘ 

O O \ j /.)’/0 
O I] 
Q 0 ‘E O i m I 
O _r 

/ f x \ O 

lJ?ZJ“ ] 
\ x J / 0 

El 0 O 

:33 
lJ/5 

/..)’U4// 

FIG. 13 



US 2011/0006004 A1 

APPARATUS AND METHOD FOR 
DOWN-REGULATING IMMUNE SYSTEM 

MEDIATORS IN BLOOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/739,574, ?led on Apr. 24, 2007, Which is a 
continuation of US. application Ser. No. 10/390,558, ?led on 
Mar. 17, 2003 and issued on Apr. 24, 2007 as US. 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/ ?lter 
and for subsequently removing target molecules from the 
ultra?ltrate by additional ?ltration 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 in?ammatory 
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 in?ammatory 
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 in?ammatory 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-In?ammatory Anti-In?ammatory 
Mediators Size Mediators Size 

IL—1[5 17kD IL- Ira 25kD 
IL-6 26 kD IL-lRtypeII 68 kD 
TNF-Ot 17-54 kD IL-4 15 kD 
IL-2 15 kD IL-10 40 kD 
IL-12 44kD IL-13 IOkD 
IL-8 8 kD 
C3a 8 kD 
C5a 9 kD 
LBP 55 kD 
MIF 12 kD 
IFN 17 kD 
LIF 20 kD 
VCAM 80 kD 
ICAM-l 90 kD 
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 in?ammatory disease 
state. 

[0009] Prevention of these medical conditions is di?icult 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 dif?cult 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 scienti?c 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 e?icient at clearing the remaining organ 
isms from the body. 
[0011] Hemoconcentrator/?ltration 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 
?ber 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 bloodbome microorgan 
isms. In one aspect, a method and apparatus is provided for 
removing target molecules from the blood by a hemoconcen 
trator/?lter and for subsequently removing target molecules 
from the ultra?ltrate by additional ?ltration 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 ?lter the blood and to remove the diluent. 
A return path connected for returning ?ltered 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 ?lter. 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 ?lter 
device connected to receive blood from the source and to 
supply a portion of the blood to an irradiator or to another 
?lter 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 ?ltered 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 ?lters. In one embodiment, 
the ?rst ?lter is a hemoconcentrator ?lter having a porosity of 
about 70-90 kilodaltons. In one aspect, the ?rst ?lter is made 
of polysulfone ?bers. The second ?lter is a cytokine ?lter 
having a porosity of about 10-30 kilodaltons. In one aspect, 
the second ?lter includes tWo ?lters connected in parallel, 
each ?lter having a porosity of about 10-30 kilodaltons. In one 
embodiment, the second ?lter has a porosity of about 10 
kilodaltons. 
[0017] In one aspect of the invention, the concentrator 
device has a membrane or ?lter 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 ?lters 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 ?bers 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 m2 to about 2.4 m2. 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 ?rst ?lter 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 ?uid through the system. In another aspect of 
the invention, the combined blood/diluent ?oW rate is less 
than 400 mL/min. The range of the combined ?oW 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 ?oW 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 ?lter 
device in order to oxygenate the blood received from the 
source. 

[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 1-100 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 ?uid chamber adjacent to the UV light source, 
Where the ?uid chamber con?nes the ?uid to a thin ?lm 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/cm2 to about 20 mW/cm2. In 
another aspect, the effective dose of ultraviolet radiation 
applied to the blood is about 1 mW/cm2 to about 19 mW/cm2. 
In one aspect, the ?uid 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 ?uid 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 in?ammatory disease. 
In?ammatory 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/?lter embodiments described 
herein. Quenchers are administered directly to the patient 
and/or are added to the various components of the concentra 
tor/?lter embodiments, including, but not limited to, the tub 
ing, the pump, the ?lters and the diluent source so that the 
blood can be exposes to the quenchers While being concen 
trated or ?ltered. 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, ?avanols, depsides (chlorogenic acid, couma 
roylquinic acid or theogallin), quinic acids, carotenoids, 
thearubigens, thea?avin, thea?avic 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 
suf?cient 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 in?ammatory 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/ 
?lter embodiments described herein. Vitamins are adminis 
tered directly to the patient and/or are added to the various 
components of the concentrator/ ?lter embodiments, includ 
ing, but not limited to, the tubing, the pump, the ?lters and the 
diluent source so that the blood canbe exposed to the vitamins 
While being concentrated or ?ltered using this system. 
[0026] It is another object to provide a system and method 
of treating blood by using a hemoconcentrator/ ?lter system in 
conjunction With administering a drug in a dose suf?cient 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/ ?lter system in 
conjunction With administering a drug in a dose suf?cient 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 ?ltered 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 
in?ammatory mediator. In one embodiment, the concentra 
tion of at least one in?ammatory mediator is reduced by about 
75% in less than about 4 hours. In one embodiment, the 
concentration of TNF-ot is reduced by about 50% in less than 
about 4 hours. In?ammatory mediator include, but are not 
limited to, TNF-ot, IL-1[3, IL-6, IL-8, IL-10, IL-12, LPB, 
IFNY, LIF, MIF, MCP-l, 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 ?oW 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 5-24 VDC 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 ?ber ?lter used for 
hemoconcentrating dilute blood and tWo 10 kD polysulfone 
holloW ?ber ?lters 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 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. 
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 ultra?ltrate outlet and the concentrator pump. The inlet 
pressure sensor can be used to determine maximum alloWable 
blood ?oW 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 ultra?ltrate 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 ?oW 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 hematocrit is 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 ?oW 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 ?oW 
rate less than about 50 mL/min and at a rate greater than about 
300 mL/min. A blood ?oW rate of less than about 50 mL/min 
may lead to clotting in certain cases. A blood ?oW 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 ?oWs 
toWards the 70-90 kD ?lter 106, Which removes an ultra?l 
trate containing molecules less than about 90 kD in Weight. 
Through removal of the ultra?ltrate, the cellular blood ele 
ments are restored to their original concentration before 
returning the blood to the patient. The ultra?ltrate is pumped 
through a 10 kD ?lter 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 Withblood 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-in?ammatory/anti-in?ammatory 
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-ot 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 di?icult 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 in?ammatory 
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 Re?ex 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 in?ammatory reaction are involved in the etiology 
and progression of this disease. (Cook andWard, 1990; Goris, 
1998, both herein incorporated by reference). In one embodi 
ment, a hemoconcentrator/?lter system is used to remove 
target molecules from the blood of a patient af?icted 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/ ?lter 
system is used to remove target molecules from the blood of 
a patient a?llicted With Chronic Fatigue Syndrome. Molecules 
targeted for removal include, but are not limited to, TNF-ot, 
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-ot, from patients With Chronic Fatigue Syndrome, other 
embodiments of the present invention provide a system for 
reducing TNF-ot 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 in?ammatory 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) 

[0052] Hemoconcentrator transmembrane Pressure (TMP) 
is calculated as (Inlet Pressure+Outlet Pressure/2)-Ultra?l 
tration Pressure. In a preferred embodiment, TMP is kept 
beloW about 400 mmHg for maximum ?lter performance. 
Exceeding this maximum TMP may result in ?lter failure 
(i.e., a clogged ?lter) 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 ?oW rate. In one embodiment, the TMP is betWeen 
about 1-200 mmHg, preferably betWeen about 9-105 mmHg. 
Typically, at a constant ?oW 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 pres sure 
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 US. 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 




















