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10 This invention concerns the treatment and

. prevention of conditions evidenced by the presence of

selected factors in a patient’s blood. More
specifically, the invention concerns the treatment and
prevention of septic shock syndrome and capillary leak

15 syndrome, diseases which correlate with the presence of
selected factors such as cytokines, serotonin, histamine,
and/or activated complement components in a patient’s
blood. Alternatively, the invention is used to remove
selected factors such as pharmaceuticals from a patient’s

20 blood. 1In a preferred form, the method of the invention
is performed by extracorporeally contacting the patient’s
whole blood with a composition comprising silica and a
surface treatment material, such as heparin, but
preferably human serum albumin (HSA). Thereby, the

25 selected factor concentration in the blood is lowered.
Furthermore, the method may also be used to remove
selected factors from blood components.

Background Art

30 Septic shock is a serious sYndrome which most
often accompanies' gram-negative, and sometimes gram-
positive, bacteremia. However, septic shock may occur in
virtually any typical infection, e.g., viral, fungal, and
rickettsial; it may also result from severe trauma or

35 tissue injury. For example, gram-negative rods such as
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Once the bacteria have invaded the bloodstream, they
become capable of 1nduc1ng septic ‘shock. .

. 10 Septic shock usually results from a series of
events triggered by bacteremia during which bacterial
cell wall substances (endotoxin in gram-negative
6rganisms and peptidoglycan/teichoic'acid complex in
gram-positive organisms) cause excessive activation of

15 the cytokine, complement, coagulatidn factor, kinin, and
ACTH/endorphin systems. Eventually, overactivation of
these various systems results in a series of self-induced
cardiovascular and metabolic events that progress to a
state of circulatory collapse, shock and organ

20  dysfunction.

Incipient septic shock is characterized by body
temperature extremes (hypothermia or fever), orthostatic
blood pressure decrease, decreasing urine output, edema,
falling serum albumin concentration, development of a

25 metabolic acidosis, elevated serum lactate,
thrombocytopenia, and the like. Overall, the current
concept of septic shock is that the syndrome is caused by
the overwhelming reaction of the immune system to
infectious agents, thereby resulting in a profound

30 release of inflammatory mediators into the bloodstream
and into tissues. Accordingly, it is believed that these
mediators are the direct cause of organ and tissue
injury. ' .

Septic shock typically advances in two stages.
35 First, patients demonstrate symptoms characteristic of
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histamine release induced by bacterial cell wall
° components or toxins. Thereafter, the resultant
5' circulatory changes and capillary damage cause
microvascular dysfunction, a fall in intravascular blood
volume, decline in cardiac output, disseminated
intravascular coagulation, and organ dysfunction.
Cytokines, therefore, are involved in the generation of
10 sepsis and septic shock. Cytokines are intercellular
mediators. For example, cytbkines play a role in the
generation of an immune response, such as in an immune
response to an infection or infectious organism.

Capillary leak syndrome (CLS) occurs as a side

15 effect of cardiovascular surgery in that cytokines and
anaphylatoxins are generated as a consequence of the
blood oxygenation procedures employed during surgery.
Virtually all children, and 50-75% of adults, suffer from
this syndrome during or after cardiovascular surgery.

20 The vascular injury and organ impairment produced by CLS
resemble the impairments produced in septic shock.

In general, conventional therapies for septic
shock and CLS require intensive monitoring and care.
Typically, the therapies are directed to the maintenance

25 of blood pressure, organ perfusion and oxygenation.
These therapies often involve assisted ventilation, and
often include volume replacement with plasma expanders
such as 5% albumin, isotonic saline, or lactated Ringer’'s
solution. Sufficient volume is provided to raise the

30 pulmonary capillary wedge pressure to the high normal

' range. When simple volume replacement is not sufficient,
vasdpressor compounds such as dopamine, dobutamine, or
norepinephrine may be used. Antiinflammatory drugs such
as methylprednisclone, sodium succinate and

35 antiprostaglandins, for suppression of inflammatory
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damage. Volume replacement may result in edema and
10 cardiac complications. |
Acute renal failure is broadly defined as a
rapid deterioration in renal function sufficient to
‘result in accumulation of nitrogenous wastes in the body.
The causes of such deterioration include renal
15 hypoperfusion, obstructive uropathy, and intrinsic renal
disease such as acute glomerulonephritis.
Release of large amounts of myoglobin into the
circulation is a common cause of acute renal failure. A
_ number of conditions may cause myoglobinuria, usually
20° with the acute onset of weakness or paralysis: Crush
' injury or infarction of a large mass of muscle; excessive
muscular contraction; acute idiopathic polymyositis and
viral myositis; or, drugs and toxins.
Frequently, rhabdomyolysis and myoglobinuria
25 are due to extensive trauma with crush injuries.
However, nontraumatic rhabdomyolysis associated with
increased muscle oxygen consumption (héat stroke, severe
exercise, and seizures), decreased muscle energy
production (hypokalemia, hypophosphatemia, and genetic
30 enzymatic deficiencies), muscle ischemia (arterial
insufficiency, drug overdosage with resultant coma and
muscle compression), infections (influenza), and direct
toxins (alcohol) also can produce rhabdomyoly51s
resulting in acute renal failure. '
35
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hemoglobin by spectroscopy or radioimmunoassay. When
myoglobinuria is severe, renal damage may ensue and lead
to anuria.
The exact mechanism whereby myoglobinuria
10 results in acute renal failure is uncertain. Most
likely, the mechanism of renal damage is not simply a
mechanical obstruction of the tubules by precipitated
myoglobin. Typically, the treatment for acute rénal
failure corresponding with myoglobinuria addresses the
15 underlying cause of the myoglobinuria, if remedial. The
treatment for anuria would be the same as w1th anuria
following surgical shock.
Some authors have discussed the possibility
that whole blood, or at least certain blood components,
20 be extracorporeally treated to preferentially remove
certain materials bresent in the blood. Some authors
have also addressed the use of silica-based materials in
those treatments. However, all proposed silica-based
materials have been chemicaily modified silica. The
25 chemical modifications are directed to providing a 3111ca
material that will not lead to blood coagulation, and
resultant clogging/failure_of the silica column. It was
believed that a device that utilized unmodified silica
would lead to failure, since chemical mbdifications on
30 the silica were understood to be necessary to accomplish
the desired results. Chemical modification of silica is,
however, an intricate process that adds significantly to
the cost of the resultant materials. Further, the
chemically modified silica materials have not been fully
35 successful at providing the desired dual result of
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Discl r h \A i _
The present invention addresses treatment of
whole blood or plasma to lower the circulating levels of

10 certain unwanted selected factors (such as cytokines,
complement molecules, serotonin, histamine, cholesterol
molecules, myoglobin or a component thereof, angiogenesis
factor, or pharmaceuticals) in the blood by physical or
physico-chemical adsorption of those factors on a

15 specially treated silica-based adsorbent. In a preferred
embodiment the treatment is extracorporeal, alternatively
the treatment may comprise an in-dwelling catheter. 1In
accordance with the invention, various toxic effects of
the selected factors are avoided or lessened.

20 Furthermore, should the invention be used in conjunction

| with the other treatments, the extent of such other
treatments will be lessened. It is also within the scope
of the invention that the method may be used on

. 'components of whole blood.

25 ' Pretreated silica forms an aspect of the
invention, as does a device containing the silica. 2
preferred method of the invention is a process for
lowering the circulating levels of selected factors such
as cytokines, lymphokines, or other low molecular weight

- 30 inflammatory mediators such as histamine, serotonin,
anaphylatoxins, etc. in whole blood, by contacting that
blood with a porous silica material which has been
treated with a silica pretreating agent. Cytokines play
an important role in producing the clinical signs and

35 symptoms of sepsis and septic shock. Accordingly,'
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Antiinfl amat orchedrimy®riion produces less than 1% hemolysis.
Alternatively, the invention has also been used to remove
10 pharmaceuticals from patient’s blood.

Preferably, the silica is amorphous, granular,
not chemically modified, and retained in a binder such as
a matrix, or retained within a device so as to prevent
loss into the patient. An anticoagulation regimen is
15 also set forth which is advantageously used in '
-conjunction with the invention.

Brief D ri n wing
Figures 1A and 1B show schematic diagrams of a
20 system in which the inventive process may take place.
Figure 2A shows the results of cytokine
adsorption as effected by silica particle size.
Figure 2B shows the results of cytokine adsorption based
on recirculation through a device in accordance with the
25 invention. _ . B .
Figures 3A and 3B show the removal of serotonin
and histamine, respectively, from blood plasma by use of
a gilica column.
Figures 4A, 4B, 4C and 4D are graphs showing,
30 respectively, white blood cell, red blood cell and
platelet recovery, and Figure 4D shows percent hemolysis
- of citrated whole blood after recirculating 10-12 times
through a test column. Figures 4A-D show the results
from experiments wherein silica column was not
35 pretreated, but merely flushed with saline before use.
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and t oxins. recovery of white blood cells, red blood cells, and
platelets, respectively, from citrated blood, using a
" number of different surface-treating candidates. Figure
S 5D compares heparinized and citrated blood, utilizing
columns pretreated with HSA.

_ Figures 6A, 6B, and 6C are graphs depicting the
‘hemolysis of citrated whole blood using saline (control),
heparin silica pretreatment, and HSA silica pretreatment,

10 respectively. Figure 6D compares hemolysis between
citrated and heparinized blood when applied to columns
pretreated with HSA. '

‘Figure 7 is a detailed graph of the pressure
versus time and flow behavior of normal young pig

15 subjects #09-#12, wherein only citrate was used for
anticoagulation. _

Figure 8A depicts the pressure-versus-time
profiles for normal young pig subjects #17-#19, and #23;
these subjects underwent five hours of treatment using a

20 combination of citrate and heparin for anticoagulation.
In these experiments the amount of each anticoagulant was
varied in order to determine the appropriate combination
that allowed free flow with the minimal amount of each
anticoagulant. Figure 8B corresponds to Figure 8A, yet

25 depicts the pressure-versus-time profile for normal young
pig subject #19, in greater detail.

Figure 9 shows the pfessure-flow-time profiles
for the six normal young pig subjects which had undergone
a five-hour hemoperfusion procédure with a device in

30 accordance with the present invention. All prodedures
used a combination of citrate and heparin for
anticoagulation.

Figure 10 shows the pressure-time profiles of
healthy and septic subjects which had successfully

35 undergone six hours of blood processing with a devicelin
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histamine, serotonin, or anaphylatoxin, from whole blood
or plasma. Preferably, the invention is used'for.the

10 treatment of septic shock orlcapillary leak syndrome.
Accordingly, a patient’s whole blood or plasma, is
contacted with a composition comprising silica and a
surface treatment material, preferably human serum
albumin (HSA). 1In a presently preferred embodiment the

15 treatment is extracorporeal, alternatively the treatment
may comprise an in-dwelling catheter. In a preferred
form of the invention, the silica used in the composition
of the invention is not chemically modified. Further,
the composition is understood to result in substantially

20 no chemical modification of the silica it comprises.

In particular, the present invention is used to
lower the content of cytokines, cytokines such as are
found in conjunction with septic shock or capillary leak
syndrome (CLS). The invention is also used to lower the

25 concentrations of other bioactive materials such as
histamine, serotonin, and anaphylatoxins (C3a and C5a)
and various other substances addressed, e.g., in Figures
2A, 2B, 3A and 3B. |

The method of the present invention will be

30 used to lower the IL-1 and IL-8 content in the blood of a
patient experiencing CLS. Accordingly, the invention may
be utilized to control the incidence and severity of .
capillary leak syndrome.

Similarly, the process may be used either alone

35 or in conjunction with various forms of chemotherapy to
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Silica Adsorbent
5 The preferred silica suitable for use in this
invention comprises chemically unmodified amorphous
silica suspension, typically termed silica gel. It is
believed that silica parameters of surface area and pore
size determine suitability of the silica in the
10 invention. Preferably,'the silica has a surface area
between about 150 m?/g and 1000 m2/g, more preferably
between 200 m /g and 600 m?/g. Additionally, it is
preferred that the silica has between 0.5 cc/g and
2.5 cc/g of porosity. It is believed to be more
15 preferable that the silica has porosity between 0.8 cc/g
and 1.5 cc/g. Desirably, the silica particles have an
average diameter between about 50 and 250 microns for
treatment of septic shock, and up to 1 mm for other
applications. Accordingly, PQ10150 silica obtained from
20 PQ, Inc., Conshohocken, PA has been found to be suitable
- for use in the invention.
The preferred amorphous silica used in this
composition is particulate. The partiCulate silica may
"be in any of a variety of physical shapes (e.g., granular
25 or spherical). By "granular silica" is intended a silica
from crushed silica. By "spherical silica" is intended
particulate silica that has been prbducéd to have a
substantially rounded contour. However, the shape and
size should be selected to allow free flow and to
30 prevent, or at least lessen, hemolysis during the passage
of whole blood through the silica bed. Although any
shape is permissible, granular silica has been used to
advantage. ' . |
Granular silica gel has been used to good
35 gffect'when the bed is designed so that the superficial
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preferential |y vedoedty of between 0.02 cm/sec and 0 11 cm/sec. The
flow rate range for the treatment or prevention of
capillary leak syndrome is 1-10 liters/min, which .
10 corresponds to a superficial velocity of
0.23-2.34 cm/sec.
It is believed that there is a relationship
between silica pore diameter and the protein species
_ adsorbed. In accordance with this relationship, we have
15 found that silica having a mean pore diameter of 304 to
3004 is suitable for the prevention or treatment of

septic shock (whether from gram-posibive or gram?negative
bacteria), and that a mean pore diameter between about
60A and 2008 is especially suitable.
20
Pretreatment of Sili d
Unexpectedly, we have found that'pretreating
the silica particles by contacting them with 5% HSA
provides a significant lessening of platelet activation
25 and clotting. Accordingly, undesired platelet loss is
reduced. Pretreated silica has been obtained as follows.
. A cylindrical column with a diameter of
approximately 3.2 cm was prepared so that it contained
10 grams of silica. After the appropriate tubings were
30 attached, the column was flushed with 200 to 300
milliliters of sterile 0.9% sodium chloride USP
injectable saline at 50 milliliters per minute, to remove
air and any small particles from the column. The silica
column was then treated for 10 to 15 minutes with a
35 sterile injectable 5% human serum albumin prepared by'
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result of injectable 5% human serum albumin at 50 milliliters per
minute and then left to stand for 10 to'ls minutes
(typically the amount Of time it required to set up the
citrated or heparinized blood for processing or to
10 connect a patient to the device). Alternatively,
pretreatment was accomplished by recirculating the
injectable 5% human albumin through the column for 10 to
15 minutes. Both protocols for obtaining pretreated
silica were equally suitable, and were used
15 interchangeably throughout the following experiments.

Various quantities of a composition in
accordance with the invention can be prepared. For
example, a preferred éomposition in accordance with the
invention can be obtained with larger silica-containing

20 columns. A composition of the invention has been
prepared in silica-containing columns that were
approximately 9.5 cm in diameter, and which each
contained 145 grams of silica; and in columns
approximately 3.7 cm in diameter which each contained

25 20 grams of silica. _

To prepare the composition in the columns
containing 145gm or in the columns containing ZOgm of
silica, the columns were first flushed with 0.9% sodium
chloride, USP injectable saline. The columns containing

30 145gm were flushed with 10 liters of the 0.9% sodium
chloride, USP injectable saline. The smaller columns
containing 20gm were flushed with two liters of the
saline solution. For either column size, the saline was
provided at a flow rate of 100 to 500 milliliters per

35 minute. The saline solution was provided along with
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resulting failure of, the silica- containing device. Accordingly, there has
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conpl ement ol eeyl £34 éﬁéfiQBAPticles} Thereafter, sterile injectable
5% human serum albumin was pumped through the flushed
devices at 100 milliliters per minute, along with
5 5 milliliters per minute of Acid Citrate Dextrose, NIH
Formula A (ACDA), in order to displace the saline and to
pretreat the device with albumin. For the device
containing'1459m of Silica, 1 liter of the 5% human serum
albumin was used. For the device containing 20gm of
10 silica, 0.5 liter of the 5% human serum albumin was used.
The devices were then allowed to stand for 10 to
15 minutes, approximately the time it took to properly
connect an animal subject to a device for processing. Aas
described above, pretreatment of silica can occur by
15 continuous recirculation of the pretreating agent through
the silica bed, or by allowing the pretreating agent and
silica to stand for a significant period of time.
' An HSA concentration of 1% to 25%, preferably
2.5% to 5.0%, is suitable for use in creating a
20 composition with the silica granules. However, any
reasonably prudent concentration of HSA in a carrier will
be acceptable. .
It was also found that silica pretreated with
heparin was useful in the invention. The HSA and heparin
25 pretreatment protocols are analogous. For the |
pretreatment of silica with heparin, a 10 U heparin/i ml
saline solution was used instead of the 5% HSA. The
heparin-saline solution was prepared by combining sterile
0.9% sodium chloride USP injectable saline with sterile
30 injectable heparin, to arrive at a solution with a
concentration of 10 units of sterile injectable heparin
per milliliter. Accordingly, heparin-pretreated silica
was obtained by flushing a column having a diameter of
approximately 3.2 cm and containing 10 grams of silica
35 with 200 to 300 milliliters of a heparin-saline solution.



hi stam ne, chol esterol mol ecules, nyoglobin or a conmponent thereof,

angi ogenesi s factor, or pharnmaceuticals) in the blood by physical or

physi co- chem cal adsorptlon of those factoié on a specially treated
silica-based adsorbent. The treatnent may be extracorporeal, alternatively
the treatnment may conprise an in-dwelling catheter. ‘Using such t r eat ment

various toxic efﬂf@é&‘s £2{15hifgS 8heCheVila! @he @eRriRe0! (Hmtaliniggs iRl

Furt hernore, should it be_uséd in conjunctlon w th the other tréatnents,
the extent of sHER3FLRsPaLipg: FLALSIRNY)| WBe ﬂ@§§eﬁ€HStﬁﬁé FOhI® &Y be
used on conponengssmebhuvkgl.e bl ood. " Pretreated silica forns an
aspect of the invention, %8 does_a device con alnlg%lthe sidica.

S

preferred net.hod is a pro ?rFBP‘rFoﬁeF H‘Eotsﬂ' (R &ccr‘?&dﬁé\?a 3'15111 the
sel ect ed fast or $nvenhian,cgtidicacgranuiesomayebe pregcoated andniol ecul ar

wei ght inflammapgty . gedLal Qhti3UCRaly Fot AWeCorSthe! §¥afules may be

pretreated in a column just prior to a blood treatment
session. Pretreatment of silica can occur by continuous
recirculation of the pretreating agent through the silica

10 bed, or by allowing the pretreating agent and silica to
stand for a significant period of time. By "significant
period of time" we mean at least about 10-15 minutes,
often the time it takes to completely connect a subject
to the device.

15
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andphyl atoxi ns, etc. in whole bl odd™ By s hat bl ood with a porous
silica material which has been treda |ca‘5retreating agent .
Cytoki nes play an inmportant role in prodqu_g the clinical signs and
synptons of sepsis and septic shock. Accordi ngly,

-.7 - cytokines are conprised within the variety of selected factors and
are a preferred selected factor to &PV ¥k 1dlIs, the process is

desirably used for the prevention o reat nent of _septic_shock, or other
di seases The preferred particles of amorphous silica can

readily be placed in a container for the purpose of
preparing a device in accordance with the present

5 invention. The container can be constructed of any
material which can readily undergo steam, chemical, or
gamma-irradiation sterilization. For instance, glass,
polycarbonate, polystyrene, -polymethylmethacrylate,
polyolefins such as bolyethylehe and polypr0pylene, are

10 all suitable.

_ Various ways of rétaining or immobilizing the
silica within a container are available. For instance,
the silica may be placed between layers of a retaining
filters, or placed within a porous solid matrix. The

15 solid matrix immobilizes the silica while simultaneously
permitting flow of blood and contact with the silica. As
is readily apparent to one of ordinary skill in the art,
a wide variety of structures are available for providing
suitable blood/silica contact, structures which do not

20 .cause significant hemolysié. Prudent use of additional

filters to retain the silica particles in their container
is preferred. The pretreated and immobilized silica may
be contacted with the blood in a variety of ways.

An embodiment of a device suitable for use in

25 the practice of this invention is shown in schematic form
in Figure 1A. As shown in Figure 1A, blood enters
through line 100 and passes through pump 102. Pump 102
supplies sufficient flow rate and pressure to the
discharged blood to allow the blood to flow through

30 silica bed 104 and return to the body at an appropriate
pressure. Silica bed 104 has pressure monitoring devices
(106 and 108), adjacent its inlet and its outlet,
respectively. Accordingly, the silica bed 104 is
monitored for blockage or incipient blockage. The blood;

35 once it passes through silica bed 104, may be returned to
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calGsed by the selected factors. An object of the process is to process

bl ood to effect a cIinicéTTy favorabl e response. In addition, the process
preduces | ess than 1% haenvol ysi s. AIternagiggly, t he process has al so been
used to renove pharmaceuticals frompatient™s bl ood. Preferably,
the silica is anorphous, granular, not chemcally nodified, and retained in

foss. into the oaf cony ool TiAI1oh AddeeBeRBISy Tod Rl ch
i s advant ageou¥Pyulge@fi fheofeyics SRroNlch hendessoddad afyquds 19 @ Hiaton

of Drawings  yse on hbh@w @atifntad 1B show schenatic diagrams of a system
the resul ts of cytoki ne AEHEHEFOR Sy igrtsacat 5l bechdk e

Fi gure 2B Showdnt Fdgueeullns efildpbobieds adsany icvhdrmSithpen dapablelos i on
through a devi %ﬁn%@i%ﬁgﬁrgdqglc%h‘@ H&ng&' idé\é%@iib%r& herein may be used.

' The length-to-diameter ratio of a silica bed should be
selected so as to minimize any pressure drop along the
silica bed so as to ensure that shear rates remain below

10 the known values that correlate with cellular damage or
destruction. The pressure drop along a silica bed (and
thus the increase in shear rate) is directly proportional
to the length of the bed. However, mitigating against

, use of a short bed is the fact that clearance of a

15 substance from the blood increases with a longer bed.

' The capability of the composition to adsorb can
be assessed by experiments in which a test solution (such
as whole blood or plasma) is contacted with the
composition at a constant temperature. The data

20 generated from such an experiment can be used to
determine an equilibrium constant (K), according to which
the capacity of the composition'is determined. An
equilibrium constant (K) is defined in units of (ml
solution/g composition). The capacity of a composition

25 provides a way to estimate the mass of the composition
required to remove a certain quantity of material from
solution. This approach was used to estimate the mass of
silica required to remove cytokines implicated in sepsis
and septic shock in humans.

30 Batch experiments were conducted (at 37°C) by
contacting approximately 0.2 grams of silica with
solutions of known concentrations of sorbate (cytokines
and complement). ' Radio-labeled cytokines and complement
were prepared in 5% HSA buffered (pH 7.2) with sodium

35 bicarbonate (25 mM) and tonicity adjusted with sodium



Fi gures 3A and 3B show the renoval of serotonin and histami ne,
respectively, from bl ood prasma by use of a silica col um.
Fi guges 4A, 4B, 4C and 4D ar.e graphs shovving.l:'jl respectively, white blood

cell, red blood cell and platel et recovery,"%d Fi gure 4D shows percent

henol ysi s of"citrated whol e bl ood after recirculating 10-12 times through a
L ™ o HBEcRaD LB ! kb ph A E1REERETESpURTER, Besil o
- 8- minutes (considered sufficient to ensure equilibrium
between the solid and liquid phases), each sample
" container was centrifuged (to cause the silica to
5 sediment) and a sampie of the supernatant removed and
Iassayed. Table 1 shows typical values (averaged from
triplicate experiments) for the equilibrium constants (K)
of the cytokines and complement uéing non-irradiated
silica. Equilibrium constants were determined according
10 to known methodolégies. It is clear from Table 1 that
circulating cytokiﬁes will be adsorbed by the silica at
different rates. The effect of gamma irradiation on K
was examined using two cytokines: interleukin-8 (IL-8)
and tumor necrosis factor (TNF-«). These results are
15 shown in Table 2, and are the average from experiments
performed in triplicate with each of three different lots
of silica. Table 2 indicates that gamma irradiation does
not affect the capability of the silica to adsorb

proteins.
20
: TABLE 1
Bquilibrium Constants (K) Of Cytokines.
(Non-Irradiated Silica & Buffered 5% HSA Solution)
Protein Equilibrium Constants (X)
25 ' "(ml solvent/g sorbent)
C3a Des Arg (complement) 5127
TNF-o 63.42
Interleukin-6 (IL-6) 1330
Interleukin-8 (IL-8) 137.23
30 Interleukin-lc (IL-1c) 14.1
| Interleukin-18 (IL-18) 10.9
Gamma Interferon (y-IFN) 2.1

35



Fi gures 5A, 5B, and 5C are graphs show ng the recovery of white bl ood

cells, red blood cells, and pl atelets, respectiVeély, fromcitrated
bl god, using a nunber of different supfgace-treating candi dates.
Figure 5 5D conpares heparini zed and ci?rated bt ood, utilizing
colums pretreated w th HSA ' Fi gures 6A, 6B, and 6C are
graphs depicting the henol ysis of citrated whol e bl ood using saline
(control), heparin silica pretreatnment, and HSA silica pretreatnent,
10 respectively. Figure 6D conpares h Lgais bet-ween citrated and
hepari ni zed bl ood when applied to colurmgJZB pretreated with HSA
Figure 7 is a detailed qraph of the pressure versis tine and fl ow
behavi or of nofnal yoyng_pigg?ﬁﬂnhmmhkﬂﬂ&ﬁ&#ﬁ?(#lﬂﬂFuhdUﬁ&% only citratg
szsgsred fg |  aniirfAfded & Nef-imadiated Silica & Bufféred S%HSA Selationys t he
ond #23 T Prowin © | Equilibrium Constant} (%) | 'Hquilibrivin Constants (K) |
(ml solvent/g sorbent) (ml solvent/g sorbent)
Non-Irradiated Silica Irradiated Silica
_ TNF-a 63.42 71.74
10 -8 137.23 145.83

Using the K value for TNF-a for example, it was
possible to estimate (by use of known equations) the
15 minimum mass_of silica required to lower the
concentration of TNF-a to sublethal levels from the
plasma of a subject. For example, for an adult human
subject, one would start with a blood circulating level
of TNF-a of 1lng/ml; the reduction would be approximately
50%. For illustrative purposes, the plasma component of

the volume of blood corresponding to a typical 70kg

20
subject having a 45% hematocrit was employed.
Accordingly, the minimum mass of silica required to lower
the concentration of TNF-a to sublethal levels from the
plasma of such a subject is approximately 50 grams. A
device in accordance with the present invention, the AIS
Cytosorb"I-A device (Applied Immune Sciences, Inc., Santa
Clara, CA) contains 145 grams of silica. The extra

" silica is included for removal of TNF-a stored in the
extravascular compartment, and any newly generated TNF-a,
as well as to accommodate removal of other selected
factors (e.g., IL-1, IL-6, etc.). However, the
adsorption of materials is not competitive. Thus, even
for the calculated minimal amount of 50gm of silica,
TNF-a .as well as other selected factors will be adsorbed.

25
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thése subjects underwent five hour 'mmobﬂe%fﬁéﬁ@Eﬁgl\% a 20 conbination
of citrate and heparin for anti coagul atjRFPLACED ese experinents the

amgunt of each anticoagul ant was variggl.in order to deternmine the
appropri ate conbination that allowed free flow with the m nimal anount
of each anti'coagul ant. Figure 8B corresponds to Figure 8A, yet 25

depicts the pressure vermalbgmsprstthd:.@sf Weﬁasordmie Y¥ig juverlil®e PiRjsLct
#19, in greater ’

t t he
pressure-fl ow Prfrrg 31055‘9 g mass. fgts’ﬂgelcg\ur %}?g fdﬁ°§“ & fveical
whi ch had underjgeeaile plg,famd—h@@ﬂyﬁmgopqdﬂkﬂbniumwmsntMmammnth a device

conbi nat | on of ChLEPArE SRY AERArER pors. el ndfd PETRYEATaL TolRP 2

conbi nati on of

Fi gure 10 Showsubhecsr éggeﬂ@sseﬁeapmﬁn @ sppller W@& dipnensionadtliv
subj ects whi chghad1aucaesibe WwisSdevieldpedone The draunerofadhHierd wiigcessi ng

with a device gpproxlmately 3.7cm in diameter, and contained 20 grams

of silica. Again using the X value for TNF-a,
equilibrium isotherm calculations indicated that

10 approximately 5gm of silica were required to reduce TNF-«
to sublethal levels in a juvenile pig subject. For
juvenile pig subjects, a starting blood circulating level
of TNF-a was 1ng/ml; the reduction of TNF-a would be to
approximately 50% of the starting value. Although

15 approximately 5gm of silica were required to reduce TNF-«
to sublethal levels, 20 grams of silica were used in the
smaller device, in order to accommodate removal of TNF-«
stored in the extravascular compartment, any newly
generated TNF-o, as well as to accommodate removal of

20 other cytokine species. '

Since the larger and smaller devices were
dimensionally similar, the physical parameters relating
to flow stress were similar, and thus safety data were
comparable for both devices.

25
The Process

By employing the process of the present
invention, we have found that the device discussed above
is excellent for adsorbing proteinaceous molecules. We

30 have noted that the device removes significant levels of
serotonin; histamine; anaphylatoxins, such as complement
molecules C3a and C5a; and cytokines such as interleukin-
1 (IL-1), interleukin-6 (IL-6), and interleukin-8 (IL-8);
interferons; or tumor necrosis factor (TNF) from whole

35 Dblood. Although it is preferred that the invention be

This Sheet Has Been Replaced

BT




-9+ - accordance with the inventi o _
anti coagul ati on-regi nen. ™ Modes , Fre—vert-+-oh

The present invention relates to a conp05|%6pn and |T§ SUSEETHAS,BEEN |
manuf acture of a medi canent for the renoval of sel dcted Fggﬁﬁﬁg’conp I si ng
cyt oki nes, |ynphoki nes or other |ow nolecular weight inflanmatory nedi ators

;Egpe?ZbP;St?ph?EdusgrE @Hk"whele2B3BRY, aliexkE alkeMsiehap1ld ¢ or plasma.
’ treating blood components, such as plasma.
The equilibrium isotherm studies, addressed
] above,_indicated that a device containing 145gm of silica
5 (adsorbent), has approximately three times the capacity
needed to effect a clinically meaningful reduction of |
targeted cytokines from a typical 70kg human subject.
Thus, a device comprised of a clear plastic cylindrical
housing with an internal diameter of approximately 9.5cm,
10 an internal volume of approximately 600 milliliters, and
containing 145gm of silica was used for a series of
experiments. The device was used in a process according
to the invention, to treat young healthy (50-60kg) swine
which were provided with either a citrate or a combined
15 citrate and heparin anticoagulation regimen.

Accordingly, after a 600 milliliter device was
physically set up, the device was flushed with ten liters
of sterile 0.9% sodium chloride USP injectable saline at
100 to 500 milliliters per minute and 5 milliliters per

20 minute of Acid Citrate Dextrose, NIH Formula A (ACDA), to
remove air and small particles.

To accomplish pretreatment of silica, the
device was then flushed with one liter of sterile
injectable 5% human serum albumin (prepared as described

25 above) at 100 milliliters per minute, along with
5 milliliters per minute of ACDA to displace the saline,
and to fill the column with the HSA solution. The column
was left to stand while the animal was being prepared for
blood processing, typically on the order of about 10-15
© 30 minutes.

C|trate and heparin

=S WI_N X

After completion of the silica pretreating
procedure, the subjects were prepared for blood
procéssing. The subjects were first given a bolus
injection of 100 units of sterile injectable héparin per

35 kilogram of body weight. After the bolus heparin
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the treatnment of septic shock or capillary | eak syndronme. Accordingly, a
patient's whole blood or™plasma, is contacted with a“~¢onposition conpri sing
sikica and a surface treatnment material, preferably human serum al bum n
(HSA). It is presently preferred that the-2teatnent i s extracor poreal
alternatively the treatnent may conprise an in-dwelling catheter. In a
preferred form, the silica used in the conposition _of the invention is not

cheni cal |y nodifHEFELEHrt héhe BRrESEERdodnG Fienaisiddaien efd the destiiae in
substantia: ly werehamtaghed dnd @@tdmt d)rtd Hﬁs%rllil'aﬁadtd‘cmt ! ﬂﬁ:‘ét?asi?nnetgle -
In particular, the treatgent is.used to |l.ower e .cqnt ent _of cyt oki
cyt gki nes suchsg‘gjgﬁg‘f o:ﬁaﬁcﬁat‘?;lﬁ gﬁ?ﬁr&? B, cadsium W‘tﬁ%%aﬁnrdr ary
| eak syndrone @AySEluide pumpst were adsd attashed ¢d ahid Eppromeiigeat i ons
of ot her bgoacb%égsnaterials such as hi stam ne, serotonin, and

a

anaphyl at oxi ns ‘and C5a) and various other substances addressed, e.g.,
.in Figures 2A, 2B, 3A an®lg9Rd processing was then begun. The blood

processing précedure utilized an initial flow rate of
100 milliliters per minute of whole blood obtained from
one of the -central vascular accesses; while 5 milliliters

10 per minute of ACDA, and 40 units of heparin per kilogram

' of body weight per hour were input through the arterial
line, and 100 mg per kilogram per hour of calcium
chloride was input through another peripheral venous or

' central venous access port. After 30 minutes of flow at

15 100 milliliters per minute, the flow rate was increased
to 300 milliliters per minute for the duration of the
study. "After the blood passed through the device, it was:
returned to the subject in a continuous circuit through

. another access port.

20 : Throughout the procedure,'blood activated
clotting time and calcium were checked periodically. If
the clotting time approached or was less than
200 seconds, additional heparin was given by intravenous
bolus injection to prolong the clotting time. If the

25 ionized calcium came below 0.8 millimole per liter, the
subjects were given additional calcium. As addressed
below in the Examples section, twelve animals were
successfully treated with this device and process without
significant clotting or adverse events.

30 Analogous studies were done using juvenile pigs
of 2-10kg in mass. A smaller device (discussed above),
containing 20 grams of silica, was used to study the
juvenile subjects. The procedure for preparing the
smaller device corresponded to the procedure described

35 for the larger device, however smaller volumes of saline



Theé method will be used to-lower the IL-1 and IL-8 content in the bl ood of
a patient experiencing CLS. Accordingly, the t reat ment’ may be utilized to
cormtrol the incidence and severity of capLé%qry | eak syndrone.

Sihilarly, the process may be used either one or in conjunction with
various forms of chenotherapy to -10-

| over the conCepid 34 Mt pielThat By Wfud A5 wise dised. PELIGRAL' S bl 0od.
studies with smaller devices, two liters of saline
flushing solution, and 0.5 liter of silica pretreating
. solution were used. Additionally, lower flow rates were
5 used.than had been employed with the 600 ml. device. The
blood flow rates for the smaller device ranged between 30
- to 60 milliliters per minute. However, for subjects
treated with the smaller device, the citrate
anticoagulant was concentrated trisodium citrate in
10 - equivalent citrate quantities (0.33 to 1.0 milligram per
milliliter of blood) as the ACDA. Concentrated trisodium
citrate was used in order to maintain the volume of fluid
infused into the 2-10kg subjécts'within acceptable
levels. The 2-10kg subjects could not tolerate the fluid
15 volume required to anticoagulate with an ACDA solution.
The dose of heparin used was the same as for subjects
treated with the larger device. Calcium chloride was not
needed because the subjécts treated with the smaller
device were able to metabolize citrate and maintain
20 adequate blood ionized calcium. As addressed below in
the Examples section, twelve subjécts were also
successfully treated in this manner.
Figure 1B shows a typical system in which the
inventive process may be carried out. Blood f£rom the
. 25 patient is_introduced'into the system by arterial line
(200) . The blood flows by junction (202) where it is
mixed with any necessary adjuvants, such as saline,
sodium citrate, heparin, or the like, and proceeds to
blood pump (204). If desired during the process, heparin
30 can also be added from a heparin pump (206).
Furthermore, if heparin is the desired silica surface
treatment agent, heparin from heparin pump (206) can be
used to pretreat the silica in silica column (208) .
~ After blood has passed through silica column (208), the
35



efe d pEEN quitable for use in

. . '@Mﬁﬁf¥ ik Anor phous silica
sugpension, typically termed silical gel . trts ‘believed that silica-
parameters of surface area and pore sl ze determne suitability of the
silicain the 10 i nvention. Preferably, the silica has a surface area

bet ween about d&/i% %&%M& P et Wia vaidweenid0 n2/ g
and 600 ng/g. kégitlonal y, it 1s preferﬁgﬂ that the silica has between
0.5 cc/g and (238)5 cc/g of porosity. It is believed to be nore 15

E{agr ?;Ellblye Eﬂat _t|h¢ sili Qfe_r{ékfal Il%f.oiﬁﬁdtﬁgmtﬁ dIodd) is usexdhdwith cc/g.
, e silica particles have a Ie) ' ween about
50 and 250 ni cridifs REgEent inventith %%pﬁﬁléﬁﬁﬂ%%l‘?%&i nmfor
ot her PP Howdvers . orke crantioty| 36 £ X CiGiTi ave | ant bieagwbat ek PQ
Inc., Conshohocken. LA NAS A5 JOY d8sbfes WPl fo cloctPhgUaglln the

I nventi on. g
occur; were the blood to be anticoagulated to this level,

the patient would tend to undergo bleeding diatheses.
Accordingly, when blood is anticoagulated within limits
10 that are safe for the patient, clotting may occur within
the passageways leading to or from the device, or within
the device itself. Clotting may be significant enough to
block the flow through the device. More commonly,
clotting will not entirely block the device, it will,

Sitica Adsorbent . 5 The p
this -~ invention conprises chemic

15 however, lead to platelet depletion.

Accordingly, an anticoagulation regimen is
advantageously utilized in conjunction with the process
of the invention. In most instances, we have found it

~ highly desirable to include anticoagulants such as
20 citrate, heparin, or a combination of citrate and
heparin, to the system to manage any clotting that may
.occur. Heparin may be added both as a bolus at the
beginning of the treatment and continuously during the
treatment step. Systemic heparin levels suitable for
25 maintaining an activated coagulation time of >200 seconds
‘is desired. Alternatively, citrate levels in a ratio of
1:10 to 1:60 (Acid Citrate Dextrose, NIH Formula A
(ACDA) : whole blood) may also be maintained in the
system. These citrate levels are equivalent to 0.3 to
30 1.5 mg citrate/ml blood. The citrate or citrate
equivalent is usually added by continuous addition.

The invention is further illustrated by, but

not limited to, the following examples.

35

This Sheet Has Been Replaced

T




The preferred anorphous silica used in this conposition is

particul ate.

The particutate silica my be in any of a variety of

physi cal shapes (e.g., granular 25 or spherical). By "granular silica"

is.intended a silica fromcrushed silica. By "spherical silica"” is

i nt ended

particulate silica that has been produced to have a

substantial ly rounded contour. Fbmeverim@mgmggype and si ze shoul d be
selected to allow free flow and to 30 _preven or at |east |essen,

henol ysi s during the passage of wWESBERLeold through the silica bed.

“Al t hough any

advant age.

shape is perm ssible, granular silica has been used to

| RN |l has_b d d_35
effect when .the bed is d%éi%ﬁg gggéﬁéfgt%gesﬁgg??ggaa#ggo tBe9BiEsna
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component of blood when they are produced. In order to
obtain more definitive assay values, plasma was used in
this experiment rather than whole blood. Because of the
cells in whole blood, studies with whole blood would tend
to produce confounding background values. For example,
blood cells have the capability of producing selected
factors,'such as cytokines. Additionally, many cells
from whole blood have receptors for sélected factors on
their surfaces. These receptors can lead to the
effective compartmentalization of such factors, further
confounding the accuracy of assay values. If blood cells
either produce or attach selected factors, whole blood

~ assays concerning such factors would potentially be

skewed.

In this example, a small column of silica
(0.9 g) was used to treat normal plasma spiked with
different amounts of cytokines and complement molecules.
The plasma, in each instance (40 ml), was passed once
through the column at a rate of 3.1 ml/min. All of the
C3a and C5a were removed in this one-pass study. More
than 80% of IL-1 and 50% of IL-6 were removed. Figure 2A
depicts the results of studies comparing the adsorption
of various selected factors, based on the use of devices
that have 150um and 1mm silica particles. For each
selected factor analyzed, a higher percentage of
adsorption was obtained by utilizing the smaller particle
size. Figure 2B exemplifies that selected factors were
removed in greater amounts when blood plasma was
recirculated through a device of the invention. This
finding is especially relevant for clinical applications,



ver00|ty of the bl-ood through the device of the invention Is less than

about. 2.5 cm' sec. The devices utilized herein were approximately 9.5 cm
i n.di aneter. - Preferably, when used to_ggnove cytokines in the 5
treatment or prevention of septic shock, thée flowrate is about 100-500
m/mn, which corresponds to a superficial vel ocity of between 0.02
cn sec and 0. 1351%&%100-3191'ec1r5d1%:!&i WA IE Ky e S HIBR LT
prevention of capillary leak syndrome is 1-10 Ilters/n1n whi ch 10
corresponds t o ReRFHARGLEES vel ocity of 0.23-2.34 cnf sec.
It is believed that there is a relationship bet ween silica pore
di aneter and the protein species adsorbed. Jn accordance with this
rel ati onshi p; we have _zgmﬁig_i

5 In this example, two factors implicated in

septic shock, serotonin and histamine, were removed from
the blood plasma of a patient undergoing a therapeutic
plasmapheresis. The patient’s blood was separated into
its cellular and plasma componenﬁs by centrifugation. 1In

10 accordance with treatment regimens known in the art, the
cellular component, concentrated by centrifugation, was
combined with physiologic solutions and returned to the
patient. 1In standard practice, the plasma component is
then disposed of. However, in this example, the plasma

15 component was diverted to a saline flushed silica column
before disposal. Serotonin and histamine in the sample
were measured both before and after passage through the
silica column. The résulting_data (Figure 3A) showed
that the concentration of serotonin was cut by

20 approximately 60%. As shown in Figure 3B, the histamine
level was cut by almost 90%.

Example 3
In this example, devices using granular silica
- 25 were tested using fresh whole blood (anticoagulated with
citrate) to determine the loss of white and red blood
cells, as well as loss of platelets. Varlous test
devices were used. These devices had different filters,
contained either 70- or 135-micron diameter silica
30 particles, and contained either 0, 5 or 10g silica. A
device without silica in its column was used as a
control. |
Initially, the device was flushed with saline.
Then, blood was recirculated at a volume flow rate of
35 50 ml/min for the first 120 minutes. Thereafter, the



15° found that silica having a mean pore diameter of ‘30A to - 300A is

- suitable for the preventi®n or treatment of septic shock (whether from
gram positive or gramnegative bacterhga), and that a nean pore
di anet er between about 60A and 200A i s especially suitable. 20
Pretreatment of Silica Adsorbent Unexpectedly, we have found
that pretreatingow ratd whid Cﬁl@@éégéde@obyo@orm@t | @0 tdwedn 447 h 5% HSA
provi des a S|gn|f cant | essenin atel e actlvatlon 25 and ¢lofting
rccor dingly. aTkARRs 3% A48 o 3 best16: 2t 60 mBeCes o rembare SYelEa has

been obt ai ned ES‘ani;ﬂllés)V\ﬁere taken at time/0£ydnddit cEé mihwie imtéreals

10 grams of si AT A3 Mifuted, ” RIS PLEP NS dradtBho’ 4 PEIRS " e
colum was % | usilnamme3h Bood cs@qgples wemltakemexmdlatelylbeﬂoa% eadhum

chl ori de USP I to renove
air and any smaj[rll partl esﬁfé‘gn#&ﬁ% ﬁ&éﬁ Jﬁe Slfaﬁ’éiy”i)éf'éfe

termination of the experlment at 145 minutes.
As is shown in Figure 4A, the white blood cell
recovery (corrected for dilution) was maintained at near
10 100% throughout the duration of the test. Similarly, as
is shown in Figure 4B, the red blood cell recovery
(corrected for dilution) was maintained at 100%
throughout the duration of the test. However, as shown
in Fig. 4C, the platelet recovery (corrected for _
15 dilution) was not as consistent. A device without silica
allowed 90% of the platelets to be recovered, however the
devices containing silica caused significant loss of
platelets. Therefore, based on the results from this
_ test, it was clear that additional work was needed to
20 ameliorate the problem of platelet loss.
Figure 4D shows that a constant flow rate of
'50ml/min for 120 minutes that the amount of hemolysis in
a saline flushed column is maintained well below the 1%
level, a level'meetiﬁg, e.g., the current U.S. FDA
25 standard for blood transfusion. Thus, this column does
not cause significant hemolysis. Additionally, the
50ml/min flow rate is equivalent to flow rates of
400-500ml/min in a larger column, a column such as would
be suitable for use for adult human treatment.
30
Example 4
This example examines two different silica
pretreating agents, to evaluate the extent of platelét
and cell loss during treatment. The results from this
35 experiment were evaluated to determine a'preferred manner



colum was then treated for 10 to 15 nminutes with a 35 sterile injectable
5% hurman serum al bum n prepared by -

-12- diluting sterile injectable 25%human serum al bumin with
sterile 0.9% sodi um chl oride USP injectable saline to a 5% sol uti on.
Pretreatnent of the silica was acconplished by either of two - -
protocols. In o gc50 vBnt"Ghaekl ¥ahed ol 1268 £a1380
nilliliters of ?ﬁ EEQEEEQ% SEE S? EETBESWBR seruﬁlalbunlﬁ at 50 mlliliters
per m nut e£BAM Pﬁ@ﬁdkef?h?op§?§ﬁ6aFépglﬂaFGr}§ # hgeked were a -

5% solution of human serum albumin (HSA), and 10 U/ml of
" heparin in saline. A saline solution was used as a
5 control. Data for this study are illustrated in Figures
5A-5C. For this example, test conditions corresponding
to those described in Example 3 were employéd.
_ As is shown in Figure S5A, white blood cell
recovery (corrected for dilution) for columns pretreated
10 with either priming system corresponded with the
unprimed, saline-flushed control columns. Figure SB
shows that nearly 100% of the red blood cells. (corrected
for dilution) were recovered for éach of the priming
systéms. Figure 5C demonstrates that the HSA-treated
15 silica had significantly higher platelet recovery
(corrected for dilution) than either the heparin
composition or the saline solution. On this basis, HSA
is a preferred pretreating agent. _ _
Figure 5D compares citrated and heparinized
20 blood when applied to HSA-treated columns. The
similarity of the results for each type of anticoagulated
blood indicates that either antlcoagulatlon method can be
used.

25 - Example S ,

' This example evaluates the amount of hemolysis
which occurred, as a function of the silica pretreating
agent placed with the silica particles. The results from
this experiment were evaluated to determine a preferred

30 manner of treating silica to avoid undesired hemolysis.
Once again, test conditions similar to those addressed in
Examples 3 and 4 were employed.

Figure 6A depicts results based on priming the
column with saline solution. Figure 6A shows that

35 significant hemolysis approaching 1% begins to occur



(typically the anount of tinme it required to set up the citrated or
hepari ni zed bl ood for preeessing or to 10 connect & patient to the

deyice). Alternatively, ' pretreat nent ghas acconpl i shed by
reclrculatrng t he i nj ectabl e 5% hunarf %1 buni n t hrough the colum for
10 to 15 m nutes. Both protocols for obtaining pretreated silica
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fol |l ow ng expe guantit es 0 conposi-tion
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conposition inFige 60LunAscordingly, 5% HSA is a preferred 5111ca
pretreating agent.

10 - Example 6 |
In this example, animal feasibility studies
were performed using two subject populations: healthy
young pigs (50-60kg in weight); and juvenile pigs, both
healthy and septic, (2-10kg in weight). CytosorbTMI-A

15 devices (an adult human device) were used to evaluate the
young pigs (50-60kg in weight). Cytosorb:MIII-A devices
(a dimensionally similar small-scale device) were used to
evaluate the juvenile pigs (2-10kg in weight). Each of
these CytosorbTM devices were produced in accordance with

20 the present invention, and are available from Applied
Immune Sciences, Inc., Santa Clara, CA. Since the
devices were dimensionally similar, the physical
parameters relating to flow stress are similar, and thus
safety data are comparable for the devices.

25 The septic juvenile pigs were produced
according to a known sepsis model. The sepsis model was
developed by A. Lee and J. Matson (Lee, A., et al.,
"Hemofiltration Removes Toxic Mediators and-Prolongs

_ Survival in Staphylococcus aureus Sepsis Acute Lung

30 Injury", abstract provided at the 1990 World Conference
on Lung Health; Lee, A., et al., "Continuous
Arteriovenous Hemofiltration Therapy for Staphylococcus
aureus-induced Septicemia in Immature Swine", Critical
Care Medicine, in press) In this model, the sepsis was

35 induced by intravenous injection of a lethal dose of



cohtai ning 145gmor in the colums containing 20gm of ° silica, the

col ums were first flush&d with 0.9% sodi um chl oride, USP injectable
sakine. The colums containing 30 145gm,aere flushed with 10 liters of

t he. 0. 9% sodi um chloride, USP injectable saline. The smaller colums
contai ning 20gm were flushed with two liters of the sal i ne sol ution.

For either col WiaphyPocddléus duréudsver a OHOVhEEH pérod! dHtbase of 100
o M T ol £Faa 'BAY" © vad St S g SnS80t 1 SNl PES Y1 S5 E6°"
wth Lg Jn
death (LD,,,) of a subject pig within approximately 24
. hours. _

5 ' After each septic juvenile subject was treated
with a device in accordance with the invention for a
period of six hours, the subject was then monitored
closely for another three hours. The animals recovered
from anesthesia and were returned to a separéte pen for

10 - observation for seven days, or until death. Surviving
animals were sacrificed at the end of the seven day
period. A limited autopsy was performed on each subject
at the time of death and tissues were taken for _
hiStological examination. The safety of the device was

15 evaluated by careful measurement of physiological,
laboratory and histological parameters. The physical
performance of the device was assessed by pressure
measurements, a sensitive indicator of resistance to flow
resulting from changes in flow rate, clotting of blood or

20 kinks in the flow path.

Figures 7, 8A, and 8B depict
pressure-versus-time and flow (pressure-flow-time) data.
In the studies which formed the basis for these figures,
a subject’s blood viscosity caused variation in the range

25 of acceptable starting pressures. However, of greater
concern than the absolute value of the starting pressure,
was any increase from the baseline pressure. Increases
in device pressure were indicative of blockagé of the
device or an interference in flow.

30 Initial evaluations of blood processing in
young healthy pigs with the Cytosorb"I-A device with
heparin anticoagulation were not successful (data not
shown). Most procedures ended early because of clot
formation in the device. Accordingly, heparin alone was

35" not an adequate anticoagulant. |



citrate, at a flowrate of 5m/mn, in order to renove air and snal |

particles. Thereafter, sterile |nJectabIe 5% human serum al buni n was
pupped t hrough the fl ushed devices at3%Q0 mlliliters per mnute,
along with 5 5 mlliliters per mnute of Acid Citrate Dextrose, N H
Formula A (ACDA), in order to displace the saline and to pretreat the

device with al bum n. For THee fienstranticoxpuilanni neyirMéywiiclkidllowed a

it f the 5% 1 .

cont i i ny 0oE BT EHllze of BIUA baledbfiy 1d Yoldd SN ORy pias
used. - The mummﬂmhmmﬁnm\mﬁd Citrake Rextirose, NIH Bormula
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subject to a device for processing descti bed above, égetreatnent

of silica dan ReUMIRNLES f%rﬂ#?ﬂﬁ)@?’é&?‘?ﬁﬁ HP P 0109 HBL Pe¥ (BERY
agent through (corﬁé‘s?pcﬁidi theth BEody: ait Dwbagulder pretieadf ng agent and

Concont rat i on FPRRRRTARLY LMD Lo Flow, FHreseuragnd L1F abi o for
use in creatingelationship of these successful studies are shown in
Figure 7 for normal young pig subjects #09-#12. The

10 pressures were very stable and only changed with
alterations in flow rates, behaving in a direct linear
fashion based on each flow rate. These experiments
established that procedures could be performed with
citrate alone. '

15 Pressure-flow-time data for normal young pig
subjects #09-#12, wherein only acid citrate dextrose, NIH
Formula A (ACDA) was used for anticoagulation, are
depicted in Figure 7. As shown, the'pressuresIWere very

_ stable and behaved in a direct linear fashion based on

20 each flow rate. This experiment establishes that
procedures can be performed using citrate withoﬁt any
additional anticoagulant such as heparin. Although
anticoagulation was achieved with citrate alone, the
citrate infusion rate was;high. The citrate regimen

.25 might not be well tolerated by smaller individuals. Due
to the citrate levels employed, and a potential issue of
citrate toxicity, it was desired to pursue a regimen that
utilized lower anticoagulant amounts. Thus, regimens
utilizing combined citrate and heparin were studied.

30 Additional studies were performed with
different combinations of citrate (ACDA at 3-6 ml per
minﬁte) and heparin loading dose (60-150 units per
kilogram) for blood flow rates of up to 300 ml per
minute, to identify an alternative anticoagulant regimen

35 using less citrate. ‘




20 .* conposition with the silica granules. However, any reasonabl y
prudent concentration of MSA in a carrier wll be" accept abl e.
It-was also found that silica pretreated wth heparin was useful in
the invention. The HSA and heparin 25 puﬂ%%%lnent protocols are

anal ogous. For the pretreatnment of silica with heparin, a 10 U

heparin/1 m saline sebilboRavaspUsed LAS! B3daBl LNE1RL B4y The
eparin-saline solution waS”preépare y conbini hg sterile . 9% sadi um
chl ori de USP i npeefibes £ari nermalhysuegi pég3eublpsrsec#af-#lhepandn#280

arrive at a sol ghiRNop theBe expefPMEABE’ ahpb2Byal &8meNcbibehatiehl b
I nj ectabl'e heparin Lliter.

nj ¢ i gerhml ] o Ac ordhng!é,cgegggLn- r tre%Fed
silica wasCohFRFReBRBy PEPREARNg ACCOFEARSHXvi e HECEr
approxi mat efy 3d2f€erentd Loatidhgi dgsé) gheteaftexi hieparinh and ki2@@teo 300
milliliters of g hepgaphg- §8kb"EntQkHE. ONThe amount of each anticoagulant
infused over time was varied, in order to determine a
combination that provided for free'flow while employing a
minimal amount of each anticoagulant. Thus, the data
10 derived from these subjects were of use in determining a
preferred combination of citrate and heparin
anticoagulant regimen. If clotting occurred, thereby
producing a rise in pressure, more heparin, citrate, or
both were given to stop the clotting process.
15 Thereafter, the subject’s own thrombolytic systems
produced thrombolysis of the clot.
In the experiment on normal young pig subject
#17, the subject was given a rather large loading dose of
heparin, 150 units per kilogram of body weight, and the
20 ACDA was reduced to 3 ml per minute starting at 90
minutes with a blood flow rate of 300 ml per minute.
After about 30 minutes, the pressure rose (Figure 8A),
indicating clotting in the device. The ACDA infusion
rate was increased to 4.7 ml per minute and the procedure
25 was carried to completion. Additional heparin was not
needed to stop the clotting process, suggesting that the
150 unit per kilogram loading dose was perhaps more than
needed. _
In the experiment on normal young pig subject
30 #18, the initial heparin loading dose was reduced to 100
units of heparin per kilogram of body weight; the ACDA
infusion rate was 4.7 ml per minute (corresponding to a
blood:anticoagulant ratio of approximately 60:1). The
activated clotting time (ACT) of the blood was checked
35 periodically; 30 units of heparin per kilogram was given



-14- After flushing the device, the device (contalnlng t he

hepari n-sal i ne solutlonf\mas left to staid for 10 to ™~ 15 m nut es.
To_prepare a conposition in accordance with_ the 5 invention, silica
granules may be precoated and mai nt arA&d unti | r eady for use, or the
granul es may be pretreated in a colum just prior to a blood treatnent
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m nut es,

minute. The pressure slowly rose over the next 30
5 minutes indicating clot formation in the system. These

first two experiments indicated that ACDA flow rate of
4.7 ml per minute was probably the minimal amount
necessary regardless of the amount of heparin given.
This experiment showed that this combination of citrate

10 and heparin was capable of maintaining adequate
anticoagulation for the operation of the device.

The experiment on normal young pig subject #19
began with a loading dose of only 60 units of heparin per
kilogram, and a flow rate of 4.7 ml per minute of ACDA.

15 Thirty units of heparin were given when the ACT fell near
or below 200 seconds. Additional heparin was required by
60 minutes, then in rapid succession at 100, 120, and 155
minutes. In spite of the heparin, the pressures
continued to rise due to clotting in the device. ACDA

20 flow rate was then increased to 6.4 ml per minute, but.
the pressure did not respond. Additional heparin was
given at 260 minutes and the pressure slowly decreased
with time. The pressure time profile of'this procedure
is displayed in greater detail in Figure 8B. The

25 experience with this procedure indicated that the 60
units of heparin per kilogram loading dose was not
adequate and the 30 units per kilogram of heparin as a
bolus injection was just marginal; and that the resulting
clotting was reversible with a combination of increased

30 doses of heparin and ACDA.

Baged on the previous three experiments (w1th
normal young pig subjects 17, 18 and 19), a heparin
loading dose of 100 units per kilogram of body weight and
a low rate of 4.7 ml per minute of ACDA was determined to

35 provide the best anticoagulation results, as shown in



often the tine it takes to conpletely connect a subj.ect to the device.
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experiment on subject #18. The experiment on subject #23
was a repeat of the procedure on subject #18. The
procedure was completed without significant problems.
. This combination of citrate and heparin allowed for a
5 reduction in ACDA by one-third, compared to the citrate-
only study depicted in Fig. 7. :
The experiments on healthy young pig subject
#19 did not set forth the preferred anticoagulation
regimen, since clotting did occur with this_level of
10 anticoagulation. However, since clotting did occur, this
provided a scenario wherein the modulation of clotting
could be evaluated. The modulation of clotting in the
experiments with subject #19 is illustrated in Fig. 8A,
as shown by the saw-tooth pattern of the profile for
15 subject #19. The pressure-versus-time profile of young
pig subject #19 is shown in greater detail in Figure 8B,
Accordingly, Figure 8B depicts further studies
wherein young pig subject #19 was given both heparin and
_ ACDA. In one aspect, the loading dose given to subject
20 #19 was not preferred in that clotting did result. 1In
another aspect, however, the fact that clotting did occur
allowed for study of the ability to modulate clotting.
Referring to Figure 8B, and beginning at about 150
minutes into the study, increasing doses of heparin did
25 not lead to a decrease in the pressure within the device.
However, upon addition of ACDA to the heparin, and
allowing for a lag time before it took effect, 'the ACDA
yielded a pressure drop. Beginning at about 250 minutes
into the study, the device pressure again began to rise.
30 During this second pressure rise, initially citrate alone
was given. This infusion of citrate did not seem to lead
to diminution of pressure. Upon addition of heparin,
however, a pressure decrease did occur. Thus, the data

represented in Figure 8B indicates that a combination of
35 "
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citrate and heparin is particularly advantageous for use
in modulating clotting within a device.

Example 7
' The preferred combined citrate and heparin
anticoagulant regimen was further tested in healthy young
pigs, and in healthy and septic juvenile pigs. The

' pressure -time profiles for these experiments in healthy

young pigs (#26, #27, #30-#33) using the Cytosorb I-A
device are shown in Figure 9. The pressure- -time profiles
for these experlments in healthy and septic juvenile pigs
using the Cytosorb III-A device, along with control data
from use of a sham device, are shown in Figure 10. These
experiments were performed with a heparin loading dose of
100 units per kilogram of body weight and 4.7 ml per
minute of ACDA for young ﬁealthy pigs, or 100 units of
heparin per kilogram of body weight and 0.33-1.0 mg of
citrate per ml of blood (equivalent to 4.7 ml of ACDA per
minute) for the juvenile pigs. The blood flow rates were
between 100 and 300 ml per minute for the young healthy
pigs, and between 30 and 80 ml per minute for the
juvenile pigs. If the activated clotting time (ACT) fell
to a level near or below 200 seconds, additional heparin
was given. Heparin was given either in a bolus injection
of 30 to 40 units per kilogram of body weight or as a
continuous infusion of 30-40 units of heparin per
kilogram per hour. All of these experiments showed
stable pressures for any given flow rate, -and the
subjects tolerated the procedures well, as discussed
below. These experiments were successfully carried out
for five to six hours of blood processing.

Figures 9 and 10 illustrate the pressure-
flow-time profiles of healthy and septic subjects which
successfully underwent five to six hours of blood
processing in accordance the invention, while using a

This Sheet Has Been Replaced




15 . Medical Device Jhe preferred particles
of anorphous silica can readily be placed in a container for the pur pose of
preparing a device in accordance with the g esent invention. The container
can be constructed of any material which can readily undergo steam

chem cal, or gamma-irradiation sterilization. For instance, glass,

p0|ycarbonate,c@ﬂbiﬁé&réﬂﬁfa98|HﬁatH&Fﬁ?&ﬁaﬁhﬁFébﬁgu@QEXBheEbgimQHQh 33

pol.yet hyl ene and pg#ggiggylene, re a [

sui tabl e. F1ous ways of
retaining or ihRBb vRensFhRich Ghegentigusreanker bapedayv&hrabl e. For

instance, the gariationyakengl snddvihatagesubjreessoblaocteasebratlilters,
or placed within aygﬁrous sode maLri The so mbilizes the

magrix. lid &rix L m :
silica while sPhi dovefid é?ﬂ1%?|ﬁ§aFI8%'BFc895g§ SnH B5HERE with the
silica. As5 pressure was. Any increase from the baseline pressure
. was of greater concern than the absolute value of the
starting pressure. Increases in device pressure tend to
indicate blockage of the device or an interference in
flow.

10 Figure 9 illustrates the pressure-flow-time
profiles for the six normal young pigs which underwent a
five-hour hemoperfusion procedure with the CytosorbTMI-A
device. For these studies, the uniform loading dose of
100 U heparin/kg; an initial ACDA flow rate of

15 4.75 ml/min; a continuous infusion of heparin of
40 U heparin/kg/hr; and an initial blood flow rate of
100ml/hr were employed. All procedures were carried to
completion using a combination of citrate and heparin for .
anticoagulation. Increases in device pressures were due

20 to increases in flow rate or obstructions to flow such as

- clots. The stability of the pressure-£flow-time lines
'(taking into account pressure changes based on changes in
flow) indicates that the device continued to function and
that neither clotting nor obstruction prevented use of

25 the device. For example, subject #33 in Figure 9 showed

- an increase in device pressure based on a clot within the
device, since inlet pressure rose whereas the outlet
pressure was stable and actually began to decrease. The
clotting within the device for subject #33 was readily

30 controlled by the anticoagulation regimen. Subject #31
experienced a clot at a time between 120 and 190 minutes.
The pressure changes resulting from this clot are
suggestive of a clot distal to the device, due. to
increases in both inlet and outlet pressures. Clotting

35



Is*readily apparent to one of ordinary sk|II in the art, a wde varlety of
structures are avai | abl e for provi di ng suitable bIoodTS|I|ca cont act’,
structures which do not cause significant Remolysis. Prudent use of
addirtional filters to retain the silica particles in their container is
preferred. The pretreated and inmmobilized silica nmay be contacted with the

blood in a varig@iyifgy R Sexperiment oﬁ\nsv.%i')@@t gt Wisdalsyi seaguiyabl e
for use in a nmethod o treatnent IS | Fschenatlc fromin Figure 1A

As shown in Fi GRRFEQXLLIed Joy %?e?%t’t?ﬁ’ 7R E89UAA- passes t hrough
punp 102. Punp 102 suppll 1é fi0i Enludt rateat chanpressuser £low- time

feturn to the soEsEafen ot nd £F I rbatle PLEYNnEey SRqRRHedR 00
moni t ori ng %levisize- mdms berdop@ﬁ;us@mmadusemibh the CytosarbetrIII-A
el pi ent bl ockBaesna Yor %“?eZ%%%G??@fgzseép*ﬁsgﬁgﬁaé’%ﬁf’%%?ﬁrﬁ' gglcase
be returned to uniform loadlng dose of U heparin/kg; a trlsodlum .
citrate concentrate in sufficient quantity to provide
0.33 mg of citrate per ml of whole blood; a continuous

10 infusion of heparin at 40 U heparin/kg/hr; and blood flow
rate between 30-60 ml/min, were all employed. As shown
in Figure 10, juvenile pig subject #11 experienced a
pressure change due to a clot within the device.

However, this clotting was readily controlled by the

15 anticoagulation regimen.

The results shown in Flgures 9 and 10
illustrate that blood from both septic and healthy
subjects can effectively utilized within devices in
accordance with the invention.

20 To summarize, our experiments showed that free
flow through the device can be maintained with the
following antidoagulant'regimens:

I. Acid Citrate Dextrose, NIH Formula A

(ACDA), at ratios of blood to anticoagulant

25 (V/V) of 45/1 or less for whole blood flow

’ rates of 300 ml/min or less.

II. A combination of citrate anticoagulant and

heparin: :
A. Acid citrate dextrose, NIH
30 _ - Formula A (ACDA) at ratios of blood of
anticoagulant (V/V) of 60/1 or less for
whole blood flow rates of 300 ml/min or
less; together with heparin (100 U/kg),
given at the onset of the procedure, and
35 heparin given in sufficient quantities as



- 16- t he body through line 110. Advant ageously, the total

vol ume of the device should be | ess than about 700 ni for use on human

patients. _ Al though a cylindrical silica bed is depicted 5

in Figure 1A, silica beds of any other shape capabl e of functioning in

t he manner described herein may be used. The |l ength-to-di aneter ratio

of a silica bed should be  poBgketh$dcEPons b9 BbAtThd6usN¥Ynpr836Hr €odr Op

al ong the silica bed so as,to ensure that sh ar_rgges repain Qelow
maintain an activated clo

ing time o
more than 200 seconds. ' '
) B. Trisodium citrate concentrate in
5 sufficient quantity to provide at least
0.33 mg of citrate per ml of whole blood
(equivalent to 0.5-1.5 mg citrate/ml of
blood), for flow rates of 300 ml/min or
less; together with heparin (100 U/kg)

10 given at the onset of the procedure, and
heparin givén in sufficient quantities as
bolus injections or continuous infusion to
maintain an activated clotting time of
more than 200 seconds.

15

Example 8
The laboratory and physiological results of two

controlled studies under the regulations of Good
Laboratory Practices are shown in Tables 2-5 for the

20 juvenile pigs, and in Tables 6-8 for the young healthy
pigs. These pigs were obtained and treated according to
procedures set forth in Examples 6 and 7. The
hematological values for the healthy young pigs and
juvenile pigs all showed a time-dependent decrease in

25 white blood cells, red blood cells, fibrinogen and

platelet counts (Tables 2 and 6). The decreases were due
to dilution from priming solution in the device and due
to the administration of anticoagulants. These time-
dependent changes, when compared to the respective

30 control groups for the healthy young pigs and the septic

juvenile pigs, did not produce any clinically significant
difference. These results again indicated that the
device was not causing any clinically significant loss of
blood cells, particularly platelets.

35



10+ the known val ues t hat correl ate with cellular damage or

destruction. The pressure’drop along a silica bed (amrd t hus the
ingrease in shear rate) is directly proportlon_al to the length of the
bed. However, mtigating agai nst use ®P-a short bed is the fact that

cl earance of a 15 ‘substance fromthe blood increases with a | onger bed.

The capability of the cogposi t QAR lﬁﬁﬁ?ﬁﬁﬁﬂi
experiments in which a tglg} é1°&r‘11 5%'%&%%& W V\fhcpﬁee 00 rlppl asm)

i s contacted wigdougse remainedypdsin ithe aost @axamnchangedt uke. fewrhe data
20 . generated %%2: I‘I#’}Eﬁt ﬁé UsRik blodiEt & TR 18 2N
equi librium cor‘l’fs erats'S ,@c%%ﬁ' 1 %?e l‘f]éascapa%l ty‘ﬂof the
conposition is mnganmmhcmhorus.em iSATURN BOHAMR PRL9ACYS ned i n
units of (B  tranddniinayy g(sz;vmosmmw)mc%s?@pmndaacﬁtummmtuon 25
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was used to estdgaits tdmi res aoncomitamd iadmireigt radui oo ofemn/]ecx)-}moi@mes
implicated in S%P%firophylaxls for hypocalcemia. The increase in
inorganic phosphorus was most likely the indirect result
10 of citrate binding of calcium, resulting in mobilization
from bone by the action of parathyroid hormone. The
increase in SGOT was very slight and not clinically
significant.
o Blood chémistry studies showed that the use of
15 the device did not have any clinically significant
effects on blood components or other tissues or organs.
Additionaliy, when the test groups were compared to their
respective control groups, no statistically significant
differences were found (data not shown). '
20 - The studies of physiologic parameters (Tables 3
~and 7) showed that because citrate administration induced
metabolic alkalosis, a known effect, the pH tended to
increase and the blood base content increased as
- reflected by the base excess and increased bicarbonate.
25 The healthy young pigs also showed slight increases in
central venous pressure and pulmonary wedge pressure, due
to the expanded blood volume resulting from the priming
fluid and the administration of anticoagulént; however,
these changes were small and were not clinically
30 significant. Comparison between the test and control
groups showed, as the. only clinically'significant value,
that the respiratory rate was significantly higher in the
septic juvenile pigs treated with the sham device
(without silica) than in the septic juvenile pigs treated
'35 with the 0ytosorb"III-A device. The higher respiratory



and septic shock in humans. 30 Bat ch experlnents wer e conduct ed

(at 37[err]C) by coﬁtactlng approximately 0.2 granms of silica with
solutions of known concentrations of sorbatg (cytokines and
conpl enent). Radi o-1 abel ed cytoki nes and confpl enent ‘were prepared in

5% HSA -buffered (pH 7. 2) wth sodlun135 blcarbonate (25 nﬁ@ and ton|C|ty

adjusted with U

(COI’ISI der ed suﬁﬁe@l éﬁhtllteo %@U@J@Nﬁﬂ msmmrhreated with the devn.ce
In summary, both the feasibility and subsequent

. control studies in animals indicated that the device can
5 be used effectively to process blood for five to six
hours without adverse effects on the blood. Clotting
problems were successfully avoided using the selected
anticoagulant regimens of citrate or a combination of
citrate and heparin, without which free flow through the
10 device would not be possible.

Example O
IN VITRO ISOTHERM PHARMACEUTICAL ADSORPTION BY
AMORPHOUS SILICA
15 " When subjected to simulated hemoperfusion or
plasma perfusion, silica is understood to adsorb
pharmaceuticals such as amitriptyline, digoxin,
digitoxin, methaqualohe, phenobarbital and phenytoin.
Thereafter, it is also understood that these
20 pharmaceuticals can be eluted from the silica. However,
silica has not been utilized to remove pharmaceuticals
from whole blood or plasma, such as for use in treating
drug overdosage. The silica composition in accordance
with the invention removes pharmaceuticals from whole
25 blood in a manner whereby the blpod can be returned to
its donor. The silica composition can also remove
pharmaceuticals from plasma.
The drug adsorbance of silica (PQ10150 sodium
silicate gel, PQ Corp., Valley Forge, PA) with a mean
30 particle size of 230 um and a surface area of 400 m?/g
pretreated with human serum albumin or heparin is set
forth herein. _
Evaluations are made of pharmaceutical
solutions of: 2 ml of plasma containing drugs at 4
35 differént_concentrations, or 2 ml of whole blood



between t'he solid and li.qui d phases), each sanple _ . container was
centrifuged (to cause the”silica to 5 sedi nent) and a sanple of the
'super nat ant renoved and assayed. Tahlg 1l shows typical values _
(averaged from triplicate experinents) for the equilibriumconstants
(K) of the cytokines and conpl enent using non-irradi ated silica.

Equi |1 brium cogsheaisi gé eaﬁﬂ @eélﬁﬁéﬁéﬁtn@oﬁ@enti:&tkﬂﬁwn ((each
met hodol ogies.. [t IS C ear rom7T C|r£ulat|ng cyt oki nes

will be adsorbeeiBg sexiai 50% g;lutlong,p eFQﬁthéFéé The effect of gamm

irradi ation oncéncentri@SoR¥pli NPHavMabgut MOalyt siitheas geheamdeling- 8

(IL-8 - and_t factor (TNE- Th 't 15
Shown i n Tabl (PEOUARRRRLGer nEAOERAER. | FORPLERer LAGRERIES. *her formed i n

triplicatesw tameeebptylihegeddsipeamibhel odigoxin, oktbobuxamidehl e 2

;Pﬂ:g:tfz ggggrgégﬁﬁelrEﬁgbﬁﬁgfﬂﬁggeSphenobggblegiechEEEmEﬁBﬁhbh't¥Ag[Etge

phenytoin, ethylene glycol, methotrexate, salicylate,
thiocyanate and diazepam were evaluated.

Thereafter, pharmaceutical-saline solutions are

10 produced by adding the pharmaceutical solutions to 1 ml
buffered saline (as controls), or by adding the
pharmaceutical solutions to 1 ml of buffered saline
containing 0.3 gm of silica composition in accordance
with the invention. The pharmaceutical-saline solutions

15 are agitated for 40 minutes at room temperature.

The resulting differences in drug concentration
between silica-treated and control specimens are measured
by HPLC (Spectraphysics) for tricyclics and
benzodiazepines, fluorescence polarization assay for

20 digoxin using a TDX analyzer (Abbott Labs,Abbott Part,
IL), and EMIT assay (Syva, San Jose, CA) using Monarch
2000 analyzer (Instrumentation Laboratory) for all other
drugs. Cocaine levels are measured by Nichols Institute,
San Diego, CA, by quantitative radioimmunoassay. Insulin

25 levels are measured by Associated Regional and University
Pathologists (ARUP) Inc., Salt Lake: Clty, UT, by
radioimmunoassay.

The results of these studies show that 99% of
gentamicin is adsorbed up'to a drug concentration of 7

30 ug/ml, and 88% from concentrations up to 17 ug/ml. A
mean of 83% procainamide (from a drug in the
concentration range 6 to 36 ug/ml), and 84% N-acetyl
procainamide (drug concentration range 2 to 40 ug/ml) is
adsorbed when both are present in the pharmaceutical-

35 saline solution. 89% quinidine is adsorbed at a low



Equi | i brium Constants (K) O Cytokines. (Non-1Irradiated

Silica & Buffered 5% HSA- Sol uti on) : Protein

Equi | i brium Constants (K) 25 (m
sol vent/g sorbent) C3a Des Arg (&bhpl enent) . 51. 27
TNFE-[err] 63. 42 Interleuldn-6 (IL-6)

Ieum

I?,ﬁt grl euki n- 1] &QP]CE tr'Iiraf[lé’rnr])2 ""%/Lmﬁ Wltf‘4 aPsorpt:.]o%z o 784 at the
| nt er| euki n- 1[hnghe@thbm@Enﬁratlon (17.75.(uggml) . 88% imewuidn ritser f er on
([err]-1FN) adsorbed at & 2 cbncent¥ation of 5687uU/ml, which decreased
. to 65% at a concentration of 46640uU/ml. 74% of
5 lidocaine is removed (drug concentration range 12 to 100
pg/ml) . 73% of amitriptyline is adsorbed for
concentrations between 275 and 2100 ng/ml. 44% of
desipramine is adsorbed for concentrations between 400
and 3000 ng/ml. 12% of total digoxin (2 to 23 ug/ml) and
10 14% of the free digoxin fraction is removed. There is 5%
adsorption at a concentration of 80 pg/ml ethosuximide,
ranging to 8% adsorption at an ethosuximide concentration
of 950 ug/ml. There is no significant adsbrption of
cocaine, theophylline, phenobarbital, acetaminophen,
15 phenytoin, ethylene glycol, methotrexate, salicylate,
thiocyanate and diazepam.

Accordingly, it is found that significant
amounts of charged, non-protein bound drugs are removed
by the silica composition produced accordance with the

20 invention.

25

30

35



TABLE 2

Equi li brium Constants (K) O TNF-a & IL-8 5

R(Irradiated & Non-Irradiated Silica & Buffered 5% HSA Sol uti on)
Equi | i bri um Constants (K)

Protein

(m solvent/g sorbent)
Non-Irradiated Silica.

71.74 10

10

15

20

25

30

35
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Using the K value for TNF-[err] for exanple, it was p055|ble to

estimate (by use of knowi equations) the m ni num mass of silica
required to | ower the concentration of4TNF-a to sublethal levels from
t he - pl asma of a subject. For exanple, for an adult hunman subj ect,
one would start with a blood circulating |evel of TNF-[err] of 1ng/m;
the reducti-on woul d be approximately 20 @ kor illustrative purposes, the
pl asma conponent of t he voI une of ‘bl ood corresponding to a typical
70kg sybjec j i S d ACCOFH R G
t he m ni numjmass| gf §l§l| Q ﬁecglﬁec e | év\gr s 2 8- &ufen ati @§of Sf
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juvenile pig, and applying equilibriumisotherm cal cul ati ons anal ogous to
t hose used for a.typical “?0kg subject (discussed abov®) a smaller yet
“dinensionally simlar device was devel oped. The snal |l er device was
approximately 3.7cmin dianmeter, and cont aidmd 20 grans of silica. Again
using the K value for TNF-[err], equilibriumisothermcalculations

I ndi cated that approximately 5gm of sili ﬁ@ re required to reduce
TNF-[err] to sublethal levels in a juveni ¥‘\€|§ subject, For juvenile pig

subjects, a starting.hiood cir el \ ﬁirﬂ; t he
reduction of TNF;rgerr] Yol & b & 2 Bat|@ § §00kof|BiBe rti2rg Mal ue.
Al t hough appr oxi nat e| y Eigm" Ticlh -werfe reqiiTed™3 rleducq TNF{3 to
subl ethal levels, |20 dragF of piliclh werle usediin : r devdice, {in
order to acgonmpdate reggaal 0 | stored | avasqul ar
conmpartment, any ew-4— - ¥ . §a§f-
-renoval of other gyt pyigeﬁg 5. 23 celd Be %ﬁpd;s_«gal | er
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dimensionally simlar, the physical paraneters relating to flow stress were
simlar, and thus safety data were conparabl e for both devices.

The Process _ By enpl oying the process, we have found
that the device discussed above is excelleni” for adsorbing protei naceous
mol ecul es. W& have noted that the device renpves significant |evels of
serotonin; histam ne; anaphyl at oxi ns, suq?s gonplenent nol ecul es C3a and
Cba; and cytokines such as interleukin- ??L-l), interl eukin-6 (IL-6),

and interleukin-8 (I1L-8); interferons; or tunor necrosis factor (TNF) from
whol e blood. Although it is preferred that the treatnent be
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used to treat whole blood, it is also suitable for treating bl ood
conponents, such as pl asima. The equil'i bri uf i sot herm st udi es,
addr essed above, indicated that a device containing 145gm of silica
(adsorbent), has approximately three ti mes4?he capacity needed to effect a
clinically meaningful reduction of targeted cytokines froma typical 70kg
human subj ect. Thus, a device conprised ﬁ%yﬁhgtear pl astic cylindrical
housing with an internal dianeter of app tely 9.5cm an internal

vol ume of approximately 600 mlliliters, and containing 145gm of silica was
used for a series of experinents. The device was.used in a process

to treat young healthy (50-60kg) sw ne
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which were provided with either a citrate or a conbined citrate and heparin
anti coagul ati on regi nen. Accordingly, after"a 600 nmilliliter
devi ce was physically set up, the device ng flushed with ten liters of
sterile 0.9% sodi um chl ori de USP injectabl&Saline at 100 to 500
mlliliters per mnute and 5 mlliliters per mnute of Acid Ctrate
Dextrose, NIH Formula A (ACDA), to a mal | particles.

To acconplish pretreatnment of sili cgﬁg}g%?dteélﬁé%ddmgs then flushed with one
liter of sterile injectable 5% human serum al bum n (prepared as descri bed
above) at 100 milliliters per mnute, along with 5 mlliliters per mnute
of ACDA to displace the saline, and to fill the colum with the HSA
“solution. The columm was left to stand while the animal was being prepared

for blood processing,| typi cétllgan mesbr 13 of a@ut L& 138nmnules.
After conpletion of thelsi|li|ga®pPét {2t { np* i octivtle, [P 4ShPects were
prepared for bl ood ' g '
?
HHBREREEBREEREEREE
_ “1ol 18I\ 18&] 1FR] °I°] [T
10 .SE == -
1 |58]|=
3
'e N-1K-] O {\O b -2 1) O | O [0 L -2R-)
= Z
2 |
15 3 BlG] RIS (28] (B8] 1813 IS8
] >SS |o]E sl |=lei] jois| (S|l
a1 |8
B | s
:
5 22| [RIR] RIE] BB B8] B[R
20 -5""’ s1%| |88 919 |°°] |47
c . = | -
gl 18|$
‘5 2K - -1 N-3E-) -1 L-317 - L -28 -]
.Ql z
m p— R —— A e~ S —
] ) =
25 i g8 TR [CIE T8 18] I8
8l | |8
> | IF |
S
|
o 5 o
= - 3 3
| g S8R
€ - £ £ gl
&g 2 E = E
RN HEEE: RREEEE

35



processing. The subjects were first given a bolus injection of 100 units of
sterile injectable heparin per kilogram of body wei ght. After the bol us
heparin -49- - 21- i njection, the
arterial and venous |lines of the device were attached and secured to
vascul ar access sites on the .subj ect. Injectable heparin and cal ci um
sol utions, and any fluid punps werepgl;g0ogattached to their appropriate
5 ports. ' Bl ood processing was then begun. The bl ood
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processing procedure utilized an initial flow rate aqf 100 nmilliliters

per mnute of whole bl ood obtai ned from one of the central vascul ar
accesses; while 5 mlliliters 10 per niny%&_of ACDA, and 40 units of
heparin per kil ogram of body wei ght p hour were input through the
arterial i ne, and 100 ng per kil ogram per hour of cal cium
chloride was input through another pRggipher YENPUS or central venous
access port. After 30 minutes of flow at 15&h)100 mlliliters per mnute,
the flow rate was increased to 300 mlliliters per mnute for the
duration of the study. After the bl ood passed through the device, it
was returned to the subject in a continuous circuit through
anot her access port. 26— M T ﬁghau-t- ﬁT&ﬂWbI ood
activated s cIottimg it i ’%tﬁgce@@pnwﬁie%&-c pegiBdifcal Iy. 1f
the clotting time appfoactedgpr! wag tesq than 200 ge¢onds, additi onal
heparin was given by ijnt{r gveégpus bdl ysiipjlegtion {tq prplng the
clotting time. If thef2§ jlohi zed {cal cilup ¢ajre Below |0.18| m I] i nol e per
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subj ects were given additional calciym.__As_addressed.. bel ow in the
Exanpl es se uumm‘" 'mmﬁllﬂm | s werd THIS SHEETdRSSBERN § treated with this
devi ce and si gnilfi canRERIASIHD ng o adverse events. 30

Anal ogous st udi &s Wer'®t done using juvenil e”pigs of 2-10kg in mass. A
smal | er device (dlscussed above) containing 20 grans of silica, was
‘used to-study thep 15 \bj ects. The procedure for preparing the

smal | er devi ce corresponde o the procedure descrlbed 35 for the larger
device, however snaller volunes of saline :

-22- 1. A composition of matter comprising
' ~ amorphous, particulate, granular silica and a silica
5 pretreating agent, wherein the silica has a specific
surface area between 150 m /g and 600 m?/g, and contains
between 0.5 cc/g and 2.5 cc/g of porosity, and wherein
the silica pretreating agent is heparin or albumin.

10 2. The composition of claim 1 wherein the
specific surface area of the silica is between 150 m?/g
and 1000 m2/g.

3. The composition of claim 2, wherein the
15 specific surfgce area of the silica is between 200 m?/g
and 600 m2/g. |

_ 4. The composition of claim 1 wherein the
porosity of the silica is between 0.8 cc/g and 1.5 cc/g.
20 |
5. The composition of claim 1 wherein the
silica is substantially unmodified chemically.

6. The composition of claim 1 in which the
25 silica particles have a mean diameter less than about.
i _ . _

7. The composition of claim 6 in which the
silica particles have a mean diameter between about 50
30 and 250 microns.

8. The composition of claim 1 in which the
silica has a mean pore diameter of about 30A to 300A.

35
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and silica Uutions were Us®dIS SHEETH#AS BEEN ¢t uydies with

smal | er devi HMI sal i ne f REBIAGHP Sol utlion, and 0.5 liter
of-silica prgﬂi‘wc} !l““m uti on were uaﬁg Additionally, |ower flow
rates were «USe ah had been enpl oyed h the 600 m . device. The

bl ood flow rates for the snmaller device ranged between 30 to 60

mlliliters per mnute —Hoyeveme ! oinsubl €668 of c141fi%hCth'irhichEne
snel |l er device, the citrate a was concentrated tris@dium
citrate in 10 emm@maauarm@nop@mugi@tsewr%ft@bquu ePR| £9rafPRer
mlliliter of blood) as the ACDA. Concentrated trisodium citrate was
used in order to maintain the volune .of fluid i nfused into the 2-10kg
subj ects w t-hin accept abl e | evel s. The 2-10kg subjects coul d not

tolerate the gluid 15 vol upe, r eThié r €ompos £biont o0aguthatmwa t bnawhAERAthe .
sol uti on. dose of he n. used was th ] s. fo uhLec
treated with theq'll rS %Wc%ﬁ%?c?WEﬁ?%?%ééﬁggn%% éna Eﬁgeézd
because the subj eee¢ight eaf ethei shlite pretreating agent.

_ 11. The composition of claim 10 in which
10 the human serum albumin comprises between 2.5% and 5%
of the silica pretreating agent.

_ 12. The composition'of claim 1 in which the
silica pretreating agent is substantially devoid of
15 covalent attachment to the silica.

13. Use of the composition of claim 1 to
remove selected factors comprising cytokines,
complement molecules, serotonin, histamine,

20 cholesterol molecules, pharmaceuticals or angiogenesis
factor.

14. The composition of claim 1, wherein the
composition is comprised within a matrix.

25
15. A medical device comprising the
composition of claim 1.
30
35
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I ————
devi ce were able L“ﬂﬁﬂmﬂ I|ze citratf ﬁﬂgsmﬁhgg@@ﬂ adequat e bl ood

i oni zed ssed below in refLAGEBXANpl Bs section, twelve
subjects successfully P*eﬂfE?rTl]LHIb meEnner

Figure 1B shoms a typlcal systemin which the I nventive process may be
carried out. Blood fromthe 25 patient is introduced into the system by
arterial line - (200) 16The Abmeehdd dor Menjouritlyd Gelledtdd WRitord i

meparine - or ¢ hd FRABRAY A" BRBNRIRS o AT R Winon costifatBdi [ TG
during the process, hepalcmta(ctwa‘nt:hesbllm@dadde:dh farmmpdsa.pam'm qfunmp

206 Fu face
Erea%nent agenﬁhﬂﬁgggﬁﬁhg?ion1 eparl punp é#ﬁﬁﬁfé%?‘ﬁ}éﬂ&ié¥3 gilica

pretreat tRe sﬁpﬁcé B ldice Pxe&aeaking agent, Wh%ﬁﬁﬂ&'qaﬁxﬁiliﬂﬁ'ﬁﬁﬁtéﬁ
through silicaspecitic(&dfaceharda of at least 150 m2/g, and contains

between 0.5 cc/g and 2.5 cc/g of porosity, whereby at
least a portion of the selected factors are removed from

the blood.
10 .
17. The method of claim 16, wherein the
specific surface area of the silica is between 150 m?/g
and 1000 m?/g. '
15 18. The method of claim 17, wherein the

specific surface area of the silica is between 200 m?/g
and 600 m?/g.

19. The method of claim 16, wherein the
20 porosity of the silica is between 0.8 cc/g and 1.5 cc/g.

20. The method of claim 16 wherein the silica
is substantially chemically unmodified.

25 ' 21. The method of claim 16 in which the silica
particles have a mean diameter less than about lmm.

22. The method of claim 21 in which the silica
partlcles have a mean diameter between about 50 and
30 250 microns.

23. The method of claim 16 in which the silica
has a mean pore diameter of about 30A to 300A.

35
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-23- bl ooﬂ“‘mmﬁm &‘\tﬂj“ d to the gétmsrsmmm\sem s|1ine (210).

General ly | ood is uged. REPLACED When

ant i coagul at'i n§ bt 00d, "however, one canmolggar ery achi eve anticoagul ati on
to a degree that absolutely assures that no clotting will occur; were the
bl ood to be anticoagulated to this level, the patient would tend to undergo
bl eedi ng di at heses. Accobdi, ngithe Waehodl @(fdcllalﬁntzlsc%gwnat&p e Finildgm t's

that are safe for the patient, ¢lottin occur_ \i t hi
has a mean porée’ diametergo%agbout 608 to 2004.

) 25. The method of claim 16 in which the human
5 serum albumin comprises between 1% and 25% by weight of
the silica pretreating agent.

26. The method of claim 25 in which the human
serum albumin comprises between 2.5% and 5% of the silica
10 pretreating agent.

27. The method of claim 16 in which the silica
pretreating agent is substantially devoid of covalent
attachment to the silica.

15 |
' _ 28. The method of claim 16 in which the
selected factors comprise cytokines, complement
molecules, serotonin, histamine, cholesterol molecules, a
myoglobin component, angiogenesis factor or a
20 pharmaceutical.

29. The method of claim 16 further comprising
a step of anticoagulating the subject’s blood.

25 30. The method of claim 29 wherein the
anticoagulating step comprises use of citrate.

31. The method of claim 29 wherein the

anticoagulating step comprises use of citrate and
30 heparin.

35
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not entirel ygy ock the device, it wll,
however, lead fo platelet depletion. Accordi ngly, an
anticoagul ation reginen is advantageously utilized in conjunction with the
Sr opeszl. . - 32, Im dsmpoéilsiﬁmceﬁ_,m&@téﬁvﬁoﬁ@#_ﬂgihé' hi ghl'y
esirable to i ti sugc s.Citrate, _heparin,.;or a
conbi nati on ofé}tg(ﬁgg?lgfphrégﬁ%%%ﬁ%?et ogf%@‘%?gt%ﬁfsan@ﬁgg% %ﬁglﬁ‘?‘ot ting
that may occurPTeRfRAtINgEAgeRt addeerdinhths compositionthe tapabbeng of
the treat ment Abwiiy | et da detdrd Nerd ITD matidh 1M SHEELG, NERAT 1 N
| evel s SUISBt abl e for, mai ntal ni{/l‘gqan act i vat ea, coagul ation e of ~520
seconds i< defBexrimy the Bh yi8 cPubgtantiably wemedified of 1:10 to

1: 60 (Acid C tehdmidaed@y ose, NIH Formula A (ACDA): whol e bl ood) may al so be
mai ntained in the system These citrate |levels are equivalent to 0.3 to

t He passm from | mensdewEETHADBERN thhi n t he device itself.
Clotting “ﬂ“ﬁ ‘\ enough o bl ;ERLABEDf | owlt hr ough t he devi ce.
Mor e com’rgﬁm I

I

10
15
20
25
30

35.
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al ent is usually added
Hrther Il lustrated by,

1.5 ng citrate/m blood. The citrat
by continuous additi on.

but not linmted to, the follow ng
- 24- :

Exanple 1 ' Sel ected factors are rel eased into the plasma

REMOVAL OF SELECTED FACTORS FROM
WHOLE BLOOD OR ITS COMPONENTS

. Abstract of the Disclosure

S This invention provides a composition,'device
and method for the removal of selected factors, such as
cytokines or pharmaceuticals, from a substance such as
whole blood or plasma. Advantageously}-the invention
provides for the treatment or prevention of septic shock

10 syndrome or other conditions evidenced by the presence of
cytokines in a patient by coﬁtactihg the patient’s whole
blood with a composition comprising silica and a surface
treatment material, such as heparin, but preferably human
serum albumin (HSA). The treatment lowers the cytokine

15 concentration of the blood. Pharmaceuticals can be
removed from an indiwvidual’s whole blood or plasma, such
as for use in treating drug overdosage.

20

25

30

35
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5 conponent of bl ood when they are produced. In order to obtain nore
definitive assay val ues, plasma was used in t hi s~experinent rather than
whol e bl ood. Because of the . cells in whole blood, studies with whole

bl cood woul d tend to produce confoundi ng background val ues. For exanpl e,
10 blood cells have the capability of producing sel ected factors, such
as cytokines. Additionally, many cells from whol e bl ood have receptors
for selected factors on their surfaces. These receptors can lead to the
effective conpartnentalization of such factors, further 15 confounding the
accuracy of assay values. |If blood cells ei ther produce or attach

sel ected factors, whole bl ood assays concerning such factors would
potentially be skewed. In this exanple, a small colum
of silica 20 (0.9 g) was used to treat nornmal plasnma spi ked with

di fferent amounts of cytoki nes and conpl ement nol e¢uhs sueeT phAdggRNabm, in
each instance (40 nl), was passed once t hrough|t he cppugeppt a rpate of
3.1 mM/mn. Al of the : 2

/-uo | | /_,a{
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C3a and C5a were renoved. in this one-pass study. Mre 25 than 80% of I1L-1

and 50% of IL-6 were renoved. Flgure 2A depi ct s the results of studies
cofrparing the adsorption of various selected factors, based on the use
of devices t hat have 150um and 1mmsilica particles. For each
sel ected factor analyzed, a higher percentage of 30 adsorption was
obtained by utilizing the smaller particle size. Figure 2B exenplifies
that selected factors were renoved i n greater anounts when bl ood '
pl asma was’ recircul ated through a device of the invention. This Q
finding is especially relevant for clinical applications, 35 \n |
E 2 — >
5 5 THIS SHEET HAS BEEN (VI
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-25- since bl ood recirculation will likely be.the normin

settings.

exanpl e, -two factors inplicated in
hi stam ne, were renoved from

a therapeutic pl asmapher esi s.

with treatment regi nens knowrin the art,

concentrated by centrifugati
solutions and returned to th
pl asma conponent is ‘the

pl asma 15 ¢onmponent was diverted to a

0

150 um vs. 1 mm PARYICLE SIZE

4 |

CYTOKINE ADSORPTION

Exanple 2
septic shoc
t he bl ood pl asma

t hese

[ "
hoi ng

The patient' s blood was separaled into

its cellular and plasma conponents by centrifidgation. In 10 accordance

t he
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bef ore di sposal . Serotonin and histamne in the sanple wer e nmeasured
both before and after paSsage through the silicd colum. The resulting
data (Fi gure_3A) showed that the concentration of serotonin was cut by
20 approxijmately 60% As shown in Figure 3B, thE 3 AS BEENI fevel
was cut by al rﬁ)stqu% ﬂ%%ﬁ&g

In this exaane §eV|ces usi ng granular silica 25 b—were—tested—using fresh
whol e bl ood' (amtlﬁo gulated wth C|trate) to deternlne t he | oss of
white and red? F n Sa-Var i ous test
devi ces were use &T . M cont ai ned

ei t her - 70-
either 0, 5-or
used as a
with saline.

Cytokine Depletion Based or Récmcocam

LCr -
10g sili ca.
§ontrm

it hout QI|I(‘F—) 1n ifs’ ¥col um was

S flushed

,Z.é
2 8

Cee>x

BSA PBS BSA PBS

1 ) { 1 ] ) \l \T \l.

2 2 2 2 2 2 8 2 £ £

-3 o ~ © 0 < ™ N -~
RQoa=-0==0¢
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Then, blood was recirculated at a volune flow rate of 35 50 M/mn for
the first 120 minutes. Thereafter, the e

- 26- ~flow rates were increased to 100, 200, 300 and 437 —m/mn;
at 120, 127, 134, and 140 m nutes, respectivelyl Tyis SSERPIHES B@i"fjt aken at
time 0, and at 15 minute intervals . until 12G¢ m nuRBBLACHker eaftler, and
starting at 120 5 mnutes, blood sanples were t'akenm 1 medi ately before
each increase in flowrate, and then i medi ately before

term nation of the experinment at 145 m nutes. .

' SEROTONIN LEVELS IN PATIENT

30

28
- 20 9
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As |s shown in Figure 4A,  the white blood cell recovery (corrected for
dilution) was nmaintained at near 10 100@6throughout~the duration of the
test. Simlarly, as is shown in Figure 4B he GagNC e

recovery (corrected for dilution) was nalwbansééﬁgf}
t hroughout the duration of the test. However, gds shol il

pl atel et recovery (corrected for 15 d||ut|on)

'g. 4C, the
@S not as consistent. A

device without silica al l owed 90% of the platelets to be recovered,
however the devices containing silica caused shgnlflcant | oss of
platelets. Therefore, basedHiSTAMINEWEVELSAN RATIENT est, it was clear

t hat addltlonal wor k was needed to 20 aneliorate the problen1of pl at el et

| oss. Figure 4D shows that a constant flow rate of
50m /min for 120 minutes §Ratetbeamnunt of homolysic in a saline
flushed columm is maintai ned well below the 1% | evel , & | evel neeting,
e.g., the current U S. FDA Z5 standard for bl ood transfus on. Thus, this
col um does not. causé&8ggmrTarrtrenotysTST—AuoT T ormayly, the
1.6
1.4
i% 1.2
"z‘ 1.0 B PrREI-dencE
g | Peate DevicE
@ 0.8
- -
0.6
0.4 9
0.2
/7 2
7
0.0 ///////

F‘(l' 38
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50n1/n1n flowrate is eqU|vaIent to flow rates of

| arger col um, a col umm stuch as woul d be suitable for

human treatnent. 30
This exanple exam nes two different silica
eval uate the extent - of platelet and cel |

manner

[_wac Recovery

WBC Recovery

400-500m /nmin in a

use for adult

' EXSRYHREES HAS BEEN
ér et 1 egkpimgoErgent s to
| o nt. The

results fromthis 35 experinment were -evaluated to deternine” a-preferred'
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of treatlng silica to prevent undesired removal of cells from bl ood.

The pretreating material s tested were a 5% sol ut~en of human serum

al bumn (HSA), and 10 U m of heparin in saline. A saline solution was
used as a 5 control. Data for this study are-illu 3y n Figures
5A-5C. For this exanple, test conditiong t© €ehose

descri bed in Exanple 3 were enpl oyed. istshown in Figure
5A, white bl ood cell recovery (corre —di lution) for columms
pretreated 10 with either primng systen1corresponded with the

unpri ned, saline-flushed control c@®ums. Figure 5B ‘shows éhat nearly -
100% of the red blood cells (corregged - for dilution) were ®ecovered for
each of the -primng systems. Fiyure 5C denonstrates that; tTie
HSA-treated 15 silica had signifigntly higher platelet recovery

(corrected for dilution) than eithgg the heparin conpoﬁition or the

-

60

saliine solution. On this basis, HSA is a preferred prehreatlng agent .
Figure 5D conpares citrated and hemmgi ni zed + &
Q
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20" bl ood when applied tq HSA-treated colums. - The ~ simlarity of the

results for each type of anticoagul at ed bl ood i ndi'cates that either
anti coagul ati on net hod can be used. 25
Exanpl e 5 Thi s exanpl e eval uates the_ampunt of henol ysis

whi ch occurred, as a function of the sil| gapPEgEreahS BFEN agent . pl aced
with the silica particles. The results ffom grgpLACEDexper§ nent were
eval uated to determne a preferred 30 mrmeT—ofTreating silica to avoid

undesired hemolysis. Once again, test conditions simlar to those
addressed in Exanpl'es 3 and 4 _weregenpl gyed. Fi gure 6A
depicts results based on pri rrfang t g colum with saline solution.

Fi gure 6A shows that 35 sign@gfica@ hedol ys&s apgr oachi ng 1% begins to
occur _ . 2 . 2 g
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- 28- during the latter pogtlon.of tJ;e te-gt pgrtlc#ls of'/he t est
during which flow rates were i ngreaséd. S,_l‘mlauly e Iﬁgureu_GB shows

that, with.a heparin pri rre the-a-hem) ysi s r-eache,s negrly 1% at 120
mnutes. However, thegsili g: 5 .pringd with 59%@HSA & earsdy pravent ed
substanti al herm@m sZduring the period of the test, as depicted in
Fig. 6C.. Accordi ngl y>5% H§A is a preferred si L| ca - pretreatl ng agent.
10 Ex | €86 @
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In"this exanple, animal feasibility studies were perforned using two

subj ect popul ati ons: heaffhy young pigs (50-60kg~t+n weight); and
juvenile pigs, both heal t hy and septic, (2-10kg in weight).
CytosorbJerr]l1-A 15 devices (an adult human device) were used to eval uate
t he 'young pigs (50-60kg in weight). Cytosorb[err]IlI-A devices (a
dinmensionally simlar small-scale device) were used t va-tate—thp
juverile pigs (2-10kg in weight). Each of t hese 'YWB%@FE o i bes
were produced in accordance with 20 th@ pregent invénti onREAAGERY
avail able from Applied - . I mune £ci enges, Eﬁc., Santa Clara, CA Slnce
t he devi-ces were dinensional | y&si m #ar, e physi cal paraneters
relating to flow stress are simlar, and thus safety data are
conparabl e for the devices. 25 Thg septic juvenile pigs were
pr oduced according to a known $®epsi  nod®# . The sepsis nodel was
devel oped by A Lee and J. Matson (lee, A, et} al., - "Henofiltration
Renoves Toxi c Medi ators and Prol ongs Survival in Staphyl ococcus aureus
Sepsis Acute L 2
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30 I njury", abstract prOV|ded at the 1990 Worl d Conference

on Lung

Heal th; Lee, A, et al., ™Continuous Arteriovenods Henofiltration
Therapy for Staphylococcus aur eus-induced Septicema in | muature
Swi ne", Critical Care Medicine, in press) In this nodel, the sepsis
was -35 I nduced by i-ntravenous injection of a |ethal dose of
-29 - ' St aphyl ococcus aureus over a one-hour period into an
anesthetized pig. Use of this nodel is known to | ead deat-h
(LD[err]) of a subject pig within approximtely 24 - THIS SHEET HAS BEEN
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hours. 5 After .each septic juvenile subject was treated

with a device in accordance with the invention for a period of six

hours, the subject was then nonitored closely for another three hours.

The anlnals recovered from anesthesia and were returned to a separate
pen for 10 observation for seven days, or u;gil death. Surviving
animal s were sacrificed -at the end of the sewen dgy period Alimted

autopsy was performed on each subject & aﬁ thegtine sues
were taken for hi st ol ogi cal exam nation. The safely ?gﬁ'ﬁrg yl%ﬁﬁ was
15 eval uated by careful neasurenent of |physijol og}cal, & nfﬂ—nfu ahd
hi st ol ogi cal paraneters. The physi cal performance of the deV|ce mas
assessed by pressure measurenents, |a sepsitiye indicator of resistance
to fl ow resulting fromchanges in.flowrate, clotting of blood or 20
ki nks in the flow path. Figures 7, 8A, and 8B depict
Pressur e- Ver SUS-t i phomegetlmfrleOiilr3=0-5--tHmGhamfob it B GO L2 3
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| the studies which forped the basis for-these figures, a subject's
‘bl ood vi scosity caused variation in the range 25 of acceptable starting
pressures. However, of greater concern than the absol ute val ue of the
starting pressure, was any increase fromthe baseline pressure.

| ncr eases in device pressure were indicative of blockage of the
device or an interference in flow 30 Initial evaluations of

bl ood processing in young healthy pigs with the Cytosorb[err]l-

device with - heparin anticoagul ati on were not su v
shown). Mbst procedures-ended early because of cl ot
devi ce. Accordingly, heparin alone was 35 not an adqquat e ant{ToagH

B WBC/ACITHLD
@ WRCMEPBLD
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E1 RBCHEPBLD

O PLTCITBLD
B PLTMEPBLD
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Fa1. SD

COMPARISON OF CELL RECOVERIES: CPD BLOOD
VS. HEPARINIZED BLOOD USING 5% HSA PRIMED DEVICES
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- 30- The f.irst anticoagul ant regi nen which all owed a

full five hours of blood E)/rocessi ng i n young heal thy pigs was
acconplished using Acid Citrate Dextrose, NI H Fornul a A (ACDA), a
citrate anticoagulant, at 7 milliliters (nm) 5 per mnute for_ blcood fl ow
rates up to 300 ml per mnute (corresponding to a bl ood: anti c-oagul ant
rati o of approximately 45:1). The flow, pressure a tine
rel ati onship of these successful studies are shown in THI$:B§E|E"%HKS1’&EEN
normal young pi g subjects #09-#12. The 10 pressures wef )FrISEPsﬂQEIDe and
only changed wth alterations in flow rates, behavingyn a dg ect
| i near fashi on based on eac w rate. Th!se expeli neMts— ¥
establ i shed that procedures could be per d th |‘rate al one. 15
Pressure-flowtinme data for normal young pi g\ K. \“ ' :
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subj ects #09-#12, wherein only acid citrate dextrose, NIH Formula A

(ACDA) was used for antictagul ation, are depi ct €G] [T g —

shoawn, the pressures were very . stabl e and behav I%I%SEFﬁAgggtﬁEF nkar

fashi on based on 20 each flow rate. This experinmer hess

procedures can be perforned l%%\:trat& wi t ho any S&ddi tT ol
citrat

anti coagul ant such as heparin. hough N anti coagul ati on was achi eved
with citrate alone, the Linfusi o rate %as higi®® The citrate
regimen 25 might not be well tolerated by sialler individuals. Due

to the citrate | evels enployed, and otenti®M iss®e of ®® citrate
toxicity, it was desired to pursue~a regi nen that utiligzed | eyner
anticoagul ant- amounts. Thus, re uti|® zi ng®conbi ne® ctttate and
heparin were studied. 30 Addi ti onal studies were perfornmed with
di fferent conbinations of citrate (A at 3-6 m per- m nute) and
heparin | oadi ng dose (60-150 units per kilogram) for blood flow rates

of up to 300-m per mnute, to identifygan glternagive agticoagul ant
regi nen . A v o
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357 using less citrate.

Fi gure 8A depicts the preé’éure-ti me-fl ow profil es™for

subj ects #17-#19, and #23. Each of these exper i\ gk SHERD MY

combi nati on of citrate and heparin. Accordingly,

di fferent |oading dose, thereafter heparin and citr'a

I nfused.. The anount’ of each anti coagul ant I nf used tTme was

varied, in order to determ ne a

conbi nati on t hat pr"'vi ded for free
f1 ow while enploying a s am
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nlnlnal amount of each anticoagul ant. Thus, the data 10 derived fromthese-
subjects were of use in deternlnlng a preferred combination of citrate
and heparin anticoagul ant reginmen. If clotting occurred, thereby
producing a rise in pressure, nore heparin, citrate, or both were given
to stop the clotting process. 15 Thereafter, the subj €GE;§ sABEr HaS BEEN
t hronbol ytic systens produced thronbonS|s of the ¢lot. REPLACED
In the experinent on normal young pig subject #17 —the—stbrect—wes
given a rather large |oading dose of heparin, 150 units per kil ogram
of body weight, and the.20 ACDA was reduced to 3 ml per mnute starting at
- 90 . mnutes with a blood flow rate of ‘300 mi per mnute. After about
30 m nutes, the pressure rose (Figure 8A), indicating clotting in the
devi ce.. The ACDA i nfusion rate was increased to 4.7 m per mnute and
the procedure 25 was carried to conpletion. Additional heparin was not
needed to stop the clotting process, suggesting that the 150 unit per
kllogran1load|ng dose was perhaps nore than
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needed.

#¥8, the .initial heparin’Toadi ng dose was reduced t
heparin per kil ogram of body weight: A

per ninute (cor
approxi mately 60:1).

-32- if the ACT was

PRESSURE VS TIME FOR Young Neatvwy Piss

I.n the experiment. on normal WOHROSHHEE ;s&@gé@t{

0 }OOIREPLACE,WI ts g
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The activated clotLi ng ti rre (ACT) of .t.he blo
was checked 35 ' periodi c_aﬂlﬁ.; 30 units of ~hemarin per kil ogr amas giv

ar or bel ow 200 Seconds. The presspgres
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wefe very stable for the first 270 minutes. At 2 Umlﬁ:%&gﬁ'ﬁ‘ giﬁrg tep  ACDA

i nfusion rate was reducedto 4.2 m per m nut sfowy
rose over the next 30 5 m nutes indicating clot f /st em
These . first t 4.7 m
per mnute was probably the m nimal anmount necessary regardl s of the
anount - of heparin.given. Thi s experi mer!h showed t hat 0thi S condi nation
of citrate 10 and heparin was capable of n@intelning aidequate :
anticoagul ation for the operation of the dekice. - 02 T
experiment on normal young pig subject #19 be n wil# a | eadifllg dose of
only 60 units of hepari rﬁper Ki- Jate of Z "M per
m nute of ACDA. 15 Thirty units of2heparin V\er5.g| veFween th fell
near . or below 200 seconds. Addgti onal hepaﬁ"rmn.ai:r gaquire _ 60
mnutes, then in rapid successign al 100, 120, and  155Z m gutlls. In
spite of the heparin, the pressures ed 4 se dueat cl otting
in the device. ACDA 20 flowrate was then i }t_064m5 m nut e,
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the pressure di d not respond. Addi ti onal heparin was - gi ven at 260

m hut'es and the pressure 'éTovay decr eased with ttine. The pressure tine
prefile of this procedure is displayed in greater} agifshriuks @HES 18B.
The 25 experience with this procedure indicated that fhe 6GepLacepinits jof
heparin per kil ogram | ogdi ng‘ dose was not adequat: '

per kil ogram of heparin bol usi nj ecti on was | us% meg gi nal ; and
that the resulting ;Iog & was reversible with a conbirgtion of
i ncreased 30 doses of fepartn: and ACD, / Based on the

previous three experinents (wth hor malyoung pi g sulyj:ects 17, 18 and

19), a heparin | oadi ng dose @ 1022;\4’/@ per kil ograﬁﬂof bodue.L.ght
and alowrate of 4.7 m p m nu of ACDA was dete ned to 35
provide the best anticoggul ation Fe.s\ul ts-\_as shown #n §
——’ 0 \n.
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- 33- eXxperi ment on subject #18. The experiment. on subject #23 . was

a *r epeat of the procedur & on subject #18. The B AdaEEROP! et ed
wizt-hout si gni ficant problens. Thi s conb!natitﬁﬁ% g%%igﬁg and_ﬁeparln

‘allowed for a 5 reduction in ACDA by one-third
only study depicted in Fig. 7.

The experinents on healthy

[ at e-

young pig subj ect #19 did not set forththe prefegbfd antlcgagP atloE
regi nen, since clotting did occur with this Ievel f Z10e_ anti cozgul ati on=
However, since clotting did occur this prOV|deq:a seenari o—wbesei n he
nodul ation of clotting- cgg e evalu teaL—InQ-—TT‘ |on ok clottlmg
in the experinments with bJeSt | lustrate
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as shown by-’ Lhe §aW-tOOth pattern of the profile for_15 subj ect #19. The

pPessm'/-vérsus “time proT‘TI e of young pi g subj ¢etys -

- gkeater detail in Figure 8B. Accordi ngly, é&ghéséﬁ’iﬂe icts
~further studies wherein young pig subject #19 ' b6Ph_hephrin
and ACDA. In one aspect, the | oading dose given to subject 20  #19

was not preferred in that clotting did result. In = anot her =aspect,
however, the fact that clotting did occur al | owed f®roag udy t he
abllltyto nmodul ate cl otti ng. ferring to Figlte 88,0gand bed nning at
about 150 m nutes into the st R§ I ncr easi ng.dase‘s/bf J1epar| did 25
not lead to a decrease in the pr@ uevmthlnthedQQ Hofkever,
upon addition of ACDA to the heparin, .and al | ow ’T’d}e a lag@ime
‘before it took effect, the ACDA yi el ded a pressure dr(pp Beg ni ng at
about 250 m nutes i nto &he study, the device pressufe again gan to

rise. 30 During this secongepressure rise@inetiallZ citrate alo .
was given. This-infusion of Kitrate did nolie% to Fead> 99 to @-ninution
- of pressure. Upon addi tion heparin, < = ~— 08t
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however, a pressure decrease did occur. Thus, the dat a re I
Fi gure 8B i ndi cates that a conbinatio ﬁi citr tg&pwﬂfﬁ
is particularly advantageous for use EEENX% L g clotting \wi a
devi ce. The pref

conbined citrate and heparin
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a-nti?coagul ant regimen was further tested in healthy young pigs, and in

heal thy and septic juvenile pigs. The pressure-tinme prof s—-oF _tiu-,-§ﬁ T
experiments in heal thy young pigs (#26, #27, #30-#33) usj REPLAGEMENT SHREE

Cytosorb[err]l-A device are shown in Figure 9. The pressurg=tiTe profilgs

for these experinments in healthy and septic juvenile pig JS%‘@ 1996

Cytosorb[err]Ill-A device, along wit@ control data from lLisk a sham
e.[Lm.n@d-—w'r-f-l-r—a"

device, are shown in Figure 10. These experinments were
heparin | oadi ng dose of 100 units per kil ogram of body ight and 4.7 nl
per m nute of ACDA for young healthy pigs, or 100 units ofhepartT per
ki | ogram of body weight and 0.33-1.0 ng of citrate per m of blood
(equivalent to 7 m of ACDA per mumnute) for the juvenile pigs. The bl ood
flow rates wer etween 100 and 300%1 -per mnute for the young healthy

pi gs, aind'bet\/\e@ 30 and 80 m per munute for the juvenile pigs. If the
activated cl ot tbng time (ACT) fell & a level near or bel ow 200 seconds,

addi tional. hepa# n was gi v§1. Hepar § was gi ven et her in a bolus injection
i w
o = faed : LLl

a

Q.

208
| CYTOSORB COL

210

VENOUS LINE

SYRINGE PUMP

ARTERIAL LINE

TO SUBJECT

FROM SUBJECT

FIG. 1B
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of 30 to 40 units per kilogram of body weight or as a contf
6f 30-40 units of heparin per kilogram per hour. Al of the
showed stabl e pressures for any given flow rate, and the subjects
the procedures well, as discussed bel ow. These experinments

successfully carried out for five tosgi x hours of bl ood précéssin
eal thy and

Figures 9 and 10 illustrate the pres$ure- flowtinme profil gs
septic subjects which successfully underwent five to six hqurs
processi ng using a conposition in accordance the invention, while using a
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- 35- conbined citrate and heparin anticoagul ation re
t he studies upon which these figures are based, the
i ndi vi dual subject's blood viscosity produced var
acceptable starting 5 pressure was. Any increase fro
pressure was of greater concern,than the absol ut
starting pressure. Increases in devide pressure tend f\o
bl ockage of the device or an interference in flo
Figure 9 illustrates the pressure-flowtinme profile
nor mal young pi gs which underwent a . five-hour henoperfusion procedure
with the Cytosorb[err]l-A - device. For these studies, the uniform

| oadi ng dose of 100 U heparin/kg; an initial ACDA flow rate of 15
4.75 m/mn; a continuous infusion of heparin of 40 U heparin/ kg/ hr;
and an initial blood flow rate of
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100&1/hr were enpl oyed. All procedures were carried to conpl etion

dsing a conbination of citrate and heparin for antico 5
| ncreases in device pressures were due 20 to increases ifREPLM&MF(Ne QF
obstructions to flow such as clots. The stability ofl the
pressure-flowtine |ines (taking into account pressute c@gg 1996ed
on changes in flow indicates tha&& the device continted t unction
and that neither clotting nor obstruction prevented 30 z ne
device. For exanple, subject #33 in Figure 9 showed an increase in
devi ce pressure based on a clot within the devi ce, si f
pressure rose whereas the outl et pressure was stable and actually
began to decrease. The clotting within the device for subject #33 was
readily 30 controlled by the anticoagul ation regi nen. Subject #31
experienced a clot at a tinme between 120 and 190 m nutes. The pressure
changes resulting fr8n<4his clot are suggestive of a clot distal to
t he device, due to increases in both inlet and outlet pressures.
Clotting 35
25 -
PRE-DEVICE
20 -
POST-DEVICE

—t
o
1

FIG. 3A



- 36- during the experinment on subject #31 was also r

controll ed by the anticoagul ati on regi nen. -
illustrates the pressure-flowtine profiles for the siX jjuvenile g@gg
whi ch underwent a 5 six-hour henoperfusion procedure with\the 2305.5
Cytosorb[err]lIl-A device. For the procedures representied|in Figur
t he uni form | oadi ng dose of 100,.U heparin/kg; a trisodi
concentrate in sufficient quantity f% provi de . 0.33 ng o

of whol e bl ood; a continuous

citrat

2.0 5

1.8 +

1.6 -

PRE-DEVICE
POST-DEVICE

1.4 5

124
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10 infusion of heparin at 40 U heparin/kg/hr; and bl ogd
between 30-60 mM/mn, were all enployed. As shown
juvenile pig subject #11 experienced a pressure cha
wi thin the device. However, this clotting was readg

the 15 anti coagul ati on regi nen. The ré
Figures 9 and 10 illustrate tﬁ%t bl ood fromboth s
subj ects can effectively utilized within devices in
the invention. 20 To summari ze, our experi nmpts
free fl ow t hrough the device can be maintained wth the foll ow ng
anti coagul ant regi nens: . Acid Ctrate Dextrose, NH
Formula A (ACDA), at ratios of blood to anticoagul ant 25
(M/V) of 45/1 or less for whole blood flow rates of 300
m/mn or less. - 1. A conbination of citrate anticoagul ant
and hepari n: o
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A Acid citrate dextrose, N H 30 Formula A (ACD

rati os of bl ood of anti coagul ant (V/

for whol e bl ood fl ow rates of 300 mi/

| ess; together with heparin (100 U kg), gi ven gjﬁbge
onset of the procedure, and 35 heparin giv n 2 3 DE&§ 1978 et
guantities as 8 -37-

Intain an

bolus injections or continuous infusion to
activated clotting time of
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nDré t han 200 seconds. B. Trisodiumcitrate

concentrate in 5 sufficient quantity to provide
0.33 ng of citrate per m of whol e bl ood 'gﬁvéﬁéﬁi o]
0.5-1.5 ng citrate/nl of bl ood), fo Rﬁgﬂrﬁﬂ 0
m/mn or | ess; together with hepariyn {100 Lvhgﬁg 0

21T PER %i e

given at the onset of the procedure, Gand
in sufficient quantities as

continuous infusion to
time of

bol us inyegtions or
mai ntain an agti
nore than 200 seconds. 15
Exampl e 8 The | aboratory and physi ol ogi cal-TE€sults of two
controll ed studi es-under the regul ati ons of Good Laboratory Practices

are shown in Tables 2-5 for the 20 juvenile pigs, and in Tables 6-8 for
These pigs were obtained and treated according

t he young heal t hy pi gs.
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proéedures set forth in Exanples 6 and 7. The hemat ol ogi cal val ues for
juvenile pigs all showed a tine-dependent

the heal thy young pigs and
decrease in 25 white blood cells, red blood cells, fibrinogen and

pl atel et counts (Tables 2 and 6). The decreases were due g1
fromprimng solution in the device and due to the § '

anti coagul ants. These tine- dependent changes, when\cegnmpared to the
respective 30 control groups for the Ktalthy young pi gg 4

juvenile pigs, did not produce any cIi1 ally significant
These results again indicated that the devi ce was no
clinically significant |oss of bl ood cells, particul g

1.00%

NO Si - NOFILTER
NO Si- NOFILTER
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NO Si FREE - FILTER
10 g FREE Si - FILTER
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- 38- The bl ood chem stry values for both study gr oups.—

remai ned, for the nost part, unchanged. A few val ues ;hgmeq~§§§£§qgggf

i ncrease, such as bl ood cal ci um i nor gani ¢ phosphorus} afRLAGEYH

gl utam c oxal oacetic 5 transam nase (SGOT). The increase in Clum was, t e

resulted fromthe use of citrate, a calciumchelating

concom tant adm nistration of calciumion J-L as a prophyl
h

hypocal cemi a. The increase in i nor gani osphorus was

indirect result 10 of citrate binding of calcium resulti

nmobi | i zati on from bone by the action of parathyroid h €. The

increase in SGOT was very slight and not clinically significant.

Bl ood chem stry studi es showed that the use-of '

110.0%

—TF 5%HSA
—O— HEPARIN
—8— SALINE

100.0%

% RECOVERY

90.0% -

80.0% . | -
. | -
0 40 80 120 160

TIME (MIN)
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15 the device did not have any clinically significant effects on
bl ood conponents or other tissues or organs. Addi tionally, when the
test groups were conpared to their respective control _grou
statistically significant di fferences were found ( L@ n,bwgaqmﬁaaﬂé
The studi es of physiologic paraneters (Tables 3 an ﬂLw ho
because citrate adm nistration induced 9 met abol i ¢ al
effect, the pH tended to i ncrease and the bl ood bas
as reflected by the base excess and increased bicarbohate.
heal t hy young pigs al so showed slight increases in
pressure and pul nonary wedge pressure, due to the e
vol une resulting fromthe primng fluid and the adm nistration of
antiCoaguIangb%meever, t hese changes were small and were not
clinically 3 sfgnificant. Conparison between the test and control
groups showed, asjthe only clinically significant val ue, that the
respiratory rate jwas significantly higher in the septic juvenile pigs
treated with the gham devi ce

100%

% RECOVERY

80% -
-0 5% HSA
- HEPARIN
=& SALINE

8@% g 7 — T v T y 1
0 40 80 120 160
TIME (MIN)

FIG. 5B



(mﬁthout silica) than in the septic juvenile pigs treated 35 wth the

Cytosorb[err]Il1-A device. The higher respiratory
- 39- rate i s suggestive of respiratory distress, which was not
seen while the subjects were treated with the devi ce. In
sunmmary, both the feasibility and subsequent control studies
animal s indicated that the device cd{8 5 be used effectiv
bl ood for five to six hours w thout adverse effects o he - bi-eod:
Clotting probl ens were successfully avoided using the Srlec%fﬁtc.pg6
110% -
100%
90% -
80% -
> 70% -
LI>J -
S 60% -
LLl ]
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® 50% 1
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anti coagul ant reginens of citrate or a conbination of citrate and
heparin, w thout which free flow through the 10 device would not be
possi ble. Exanpl e 9 LN\
| SOTHERM PHARMACEUTI CAL ADSORPTI ON BY A -apbdt GNEED
When subj ected to sinul ated henoperfusion or pl asnh g&?ﬁtﬁh&, St ch
I s understood to adsorb phar maceuti cal s such as amjtniptyline,
di goxi n, di gi toxi n, methaqual one, phéhdbarbital and LheﬁﬁtQﬁﬁ.@%
Thereafter, it is also understood that these 20 pharmadeyti cals can
eluted fromthe silica. However, silica has not bgenmTiilTized to
renove pharmaceutical s from whol e bl ood or plasma, {such as for—use—t
treating drug overdosage. The silica conposition in accordance
with the invention renoves pharmaceuticals fromwhole 25 blood in a manner
wher eby the bl ood can be returned to '
WBC/CIT BLD
WBC/HEP BLD
A RBC/CIT BLD
YZ] ReC/HEBBLD
100% .
T | PLT/CIT BLD
- PLT/HEP BLD
" / B
0% Z AN / \ //
1

FIG. 5D



Its donor. The 5| | ica conpositi on can al so renove ph_me,uu

pl asna. The drug adsorbance of silica (PQlOJ@LAWJ e SHEET
silicate gel, PQ Corp., Valley Forge, PA) with a nean 30 | p e**‘s*i"zeo
230 [err]mand a surface area of 400 nR/g pretreated &igw

al bumin or heparin is set for.j) her ei n. E ons a e
made of pharnaceuti cal sol uti of: 2 m of plasnma ¢ontai

at 4 35 different concentrations, or 2 m of whole blood

240 —

1
100 120 140 160

80
TIME (MIN)

FIG. 6A
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removing selected factors frchhtcudT“WﬁTIE“EVbiding .

clotting within, and resulting failure of, the silica-
containing device. Accordingly, there has been a need
for a cost efficient and effective silica material for
use in removing selected factors from a patient’s blood.

iscl e Invention

Whole blood or plasma may be treated to lower the
circulating levels of certain unwanted selected factors

(such as cytokines, complement molecules, serotonin,
histamine, cholesterol molecules, myoglobin or a
component thereof, angiogenesis factor, or
pharmaceuticalé) in the blood by physical or physico-
chemical adsorption of those factors on a specially
treated silica-based adsorbent. The treatment may be

extracorporeal, alternatively the treatment may comprise
an in-dwelling catheter. Using such treatment various
toxic effects of the selected factors are avoided or

lessened. Furthermore, should it be used in conjunction
with the other treatments, the extent of such other
treatments will be léssened, The method may be used on
components of whole blood.

Pretreated silica forms an aspect of the

invention. as does a device containing the silica. A
preferred method is a process for

lowering the circulating levels of selected factors such

as cytokines, lymphokines, or other low molecular weight
inflammatory mediators such as histamine, serotonin,
anaphylatoxins, etc. in whole blood, by comtacting that
blood with a porous silica material which has been
treated with a silica pretreating agent. Cytokines play
an important role in producing the clinical signs and
symptoms of sepsis and septic shock. Accordingly,
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cytokihes are comprised within the variety of selected
factors and are a preferred selected factor to be
removed. Thus, the process is desirably used for the
prevention or treatment of septic shock or other diseases
caused by the selected factors. An object of the process
is to process blood to effect a clinically favorable
respohse. In addition, the process produces less than 1%
haemolysis. Alternatively, the process has also been
used to remove pharmaceuticals from patient's blood.
Preferably, the silica is amorphous, granular,

not chemically modified, and retained in a binder such as

U a matrix, or retained within a device so as to prevent )
loss into the patient: An anticoagulation regimen is
also set forth which is advantageously used in

conjunction with the process.

Brief Description of Drawings

Figures 1A and 1B show schematic diagrams of a
system in which the iﬁventive process may take place.

Figure 2A shows the results of cytokine
adsorption as effected by silica particle size.

Figure 2B shows the results of cytokine adsorption based
on recirculation through a device in accordance with the
invention.
gM; : Figures 3A and 3B show the removal of serotonin
and histamine, respectively, from blood plasma by use of
-a 8ilica column.

Figures 4A, 4B, 4C and 4D are graphs showing,
respectively, white blood cell, red blood cell and
platelet recovery, and Figure 4D shows percent hemolysis
of citrated whole blood after recirculating 10-12 times
through a test column. Figures 4A-D show the results
from experiments wherein silica column was not
pretreated, but merely flushed with saline before use.
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accordance with the invention, using a combined citrate

and heparin anticoagulation regimen.

Modes for Carrving out the Invention _
The present invention relates to a composition

and its use in the manufacture of a medicament for the

removal of selected factors comprising cytokines,

lymphokines'or other low molecular weight inflammatory

mediators such as histamine, serotonin, or anaphylatoxin,

from whole blood or plasma. Preferably, it is used for

the treatment of septic shock or capillary leak syndrome.
W Accordingly, a patient's whole blood or plasma, is i
contacted with a composition comprising silica and a
surface treatment material, preferably human serum
albumin (HSA). It is presently preferred that the
treatment is extracorporeal, alternatively the treatment
nmay comprise an in-dwelling catheter. In a preferred
form, the silica used in the composition of the invention
is not chemically modified. Further, the composition is
understood to result in substantially no chemical
modification of the silica it comprises.

In particular, the treatment is used to lower
the content of cytokines, cytokines such as are found in
conjunction with septic shock or capillary leak syndrome
(CLS) . The treatment is also used to lower the

concentrations of other biocactive materials such as

histamine, serotonin, and anaphylatoxins (C3a and C5a)
%{-' and various other substances addressed, e.g., in Figures

2A, 2B, 3A and 3B.

The method will be used to lower the IL-1 and

IL-8 content in the blood of a patient experiencing CLS.

Accordingly, the treatment may be utilized to control the

incidence and severity of capillary leak syndrome.

Similarly, the process may be used either alone
or in conjunction with various forms of chemotherapy to
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silica pretreating agent which is hepari ,r e elnﬁgékédéWE EEY

has a specific surface area between 150 err]/g and
contai ns between 0.5 cc/g and 2. 5 cc/g ¢ A conposi tion
according to claim1 wherein the speci f-i fithe silicais
between 150 nferr]/g and 1000 nferr]/g, optlonally bet weeh 200 nferr]4g and
600 merr]/g. 3. A conposition accord 2 wherein the
porosity of the silica is betweenMgddcad/ Pexigel 5 cc/g and/or the silica
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any preceding, g1 f,mpLn place e S ddsa PALL! égstggvgua gg%no%l ameter | ess
t han P
preparing a device in accordance with the present
invention. The container can be constructed of any
material which can readily undergo steam, chemical, or
gamma-irradiation sterilization. For instance, glass,
polycarbonate, polystyrene, polymethylmethacrylate,
polyolefins such as polyethylene and polypropylene, are
all suitable.
Various ways of retaining or immobilizing the
\_ silica within a container are available. For instance,
the silica may be placed between layers of a retaining
filters, or placed within a porous solid matrix. The
solid matrix immobilizes the silica while simultaneously
permitting flow of blood and contact with the silica. As
is readily apparent to one of ordinary skill in the art,
a wide variety of structures are available for providing
suitable blood/silica contact, structures which do not
cause significant hemolysis. Prudent use of additional
filters to retain the silica particles in their container
is preferred. The pretreated and immobilized silica may
be contacted with the blood in a variety of ways.

An embodiment of a device suitable for use in
a method of treatment is shown in schematic from

in Figure 1A. As shown in Figure 1A, blood enters
through line 100 and passes through pump 102. Pump 102
supplies sufficient flow rate and pressure to the
discharged blood to allow the blood to flow through

- 8ilica bed 104 and return to the body at an appreopriate
pressure. Silica bed 104 has pressure monitoring devices
(106 and 108), adjacent its inlet and its outlet,
respectively. Accordingly, the silica bed 104 is
monitored for blockage or incipient blockage. The blood,
once it passes through silica bed 104, may be returned to.
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5. ¢ A conposition according to any pr ecepi RePLACEMEN : the silica has
a mean pore dianeter of from 30A to 300A joptrtonally from 6DA to 200A. 6.

A conposition according to any preceding ¢l i @ﬂrmg\pi‘m hungn serum al bum n
conprises between 1% and 25% optional t¥9be{ween 2. 5% and

the silica pretreating agent. 7. A compost+tt+em-accordrngjto any
preceding claimin which the silica pretr¢ '

devoid of covalent atRBRhAEANS Studdes YezE ‘*’.aﬂﬁ%&%%ﬁf?gfaﬁigﬁbﬁhgyix
conpri si ng g cpNMEd t iR mASLSQr diUddnc0 the osd avobudiet Srdm a typical
juvenile pig, and applying equilibrium isotherm
calculations analogous to those used for a tfbical 70kg
subject (discussed above) a smaller yet dimensionally
similar device was developed. The smaller device was
approximately 3.7cm in diameter, and contained 20 grams
of silica. Again using the K value for TNF-a,
equilibrium isotherm calculations indicated that.
approximately 5gm of silica were required to reduce TNF-«
to sublethal levels in a juvenile pig subject. For
U juvenile pig subjects, a starting blood circulating level
of TNF-a was 1ng/ml; the reduction of TNF-a would be to
approximately 50% of the starting value. Although
approximately 5gm of silica were required to reduce TNF-«
to sublethal levels, 20 grams of silica were used in the
smaller device, in order to accommodate removal of TNF-u
stored in the extravascular compartment, any newly
' generated TNF-a, as well as to accommodate removal of
other cytokine species.

Since the larger and smaller devices were
dimensionally similar, the physical parameters relating
to flow stress were similar, and thus safety data were
comparable for both devices.

The Processg

By employing the process, :

we have found that the device discussed above
is excellent for adsorbing proteinaceous molecules. We
have noted that the device removes significant levels of
serotonin; histamine; anaphylatoxins, such as complement
molecules C3a and C5a; and cytokines such as interleukin-
1 (IL-1), interleukin-6 (IL-6), and interleukin-8 (IL-8);
interferons; or tumor necrosis factor (TNF) from whole
blood. Although it is preferred that the treatment be



9. A redical device conprising a co

to 7 or a matrix according to claim 8. mtijon accordln to_an

of claims 1 to 7 for the removal of a kelected fag‘%@r m a fRERLACEMRE™ ~
factor bei'ng a cytokine, conplement noleguled MY ni hi st am ne
chol esterol nol ecul e, pharnmaceutical on A dclor

used to treat wholé'blood, t is also suitable for
treating blood components, such as plasma.

_ The equilibrium isotherm studies, addressed
above, indicated that a device containing 14ng of silica
(adsorbent), has approximately three times the capacity
needed to effect a clinically meaningful reduction of
targeted cytokines from a typical 70kg human subject.
Thus, a device comprised of a clear plastic cylindrical
housing with an internal diameter of approximately 9.5cm,
an internal volume of approximately 600 milliliters, and

o containing 145gm of silica was used for a series of
- .experiﬁents. The device was used in a process
' to treat young healthy (50-60kg) swine
which were provided with either a citrate or a combined
citrate and heparin anticoagulation regimen.

Accordingly, after a 600 milliliter device was
physzcally set up, the device was flushed with ten liters
of sterile 0.9% sodium chloride USP injectable saline at
100 to 500 milliliters per minute and 5 milliliters per
minute of Acid Citrate Dextrose, NIH Formula A (ACDA), to
remove air and small ‘particles.

To accomplish pretreatment of silica, the
device was then flushed with one liter of sterile

Qyz injectable 5% human serum albumin (prepared as described
above) at 100 milliliters per minute, along with
5 milliliters per minute of ACDA to displace the saline,
and to fill the column with the HSA solution. The column
was left to stand while the animal was being prepared for
blood processing, typically on the order of about 10-15
minutes.

After completion of the silica pretreating
procedure, the subjects were prepared for blocod
processing. The subjects were first given a bolus
injection of 100 units of sterile injectable heparin per
kilogram of body weight. After the bolus heparin
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11. Use€ of a composition conprising a ﬁﬁﬁkﬁﬁ?MENT SHEET
and' a silica pretreating agent, whereijn [ he silica had specific surface

area of at least 150n{err]/g, and cont i ns20bMA¥e1?98. 3 dc/g and 2.5 cc/g of
porosity, in the manufacture of a medifgapent for use ijn|a method of
renoving a sel ected factor froma mammpgBgan subj ect' s bllood or bl ood

O_AL.Q

conmponent . -12. Use according to claiml]l wherein the donposition is as
defined in any of clains 1 to 7. 13. Use according to claim 11 or 12

where the $aloud eik feliénr recurneset o the gankent ovpaevenousolléng e,
ser ot oni n, {g am ne, chol esterol nol ecul e, a myogl obi n conponent,
angi ogenesi * ctor or a pharnmaceutical.

Generally, anticoagulated blood is used
When anticocagulating’ blood
however, one cannot safely achieve anticoagulation to a
degree that absolutely asgsures that no clotting will
occur; were the blood to be anticoagulated to this level,
the patient would tend to undergo bleeding diatheses.
Accordingly, when blood is anticoagulated within limits
that are safe for the patient, clotting may occur within
_ the passageways leading to or from the device, or within
N the device itself. Clotting may be significant enough to
block the flow through the device. More commonly,
clotting will not entirely block the device, it will,
however, lead to platelet depletion.
Accordingly, an anticoagulation regimen is
advantageously utilized in conjunction.with the process.
' In most instances, we have found it
highly desirable to include anticoagulants such as
citrate, heparin, or a combination of citrate and
heparin, to the system to manage any clotting that may
occur. Heparin may be added both as a bolus at the
| beginning of the treatment and continuously ‘during the
K;, treatment .step. Systemic heparin levels suitable for
maintaining an activated coagqlation time of >200 seconds
is desired. Alternatively, citrate levels in a ratio of
1:10 to 1:60 (Acid Citrate Dextrose, NIH Formula A
(ACDA) : whole blood) may also be maintained in the
system. These citrate levels are equivalent to 0.3 to
1.5 mg citrate/ml blood. The citrate or citrate
equivalent is usually added by continuous addition.
The invention is further illustrated by, but
not limited to, the following examples.
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t he anti coagul ati ng conpr
16. A conposition conprisin 0 -
a silica pretreating agent which is hepari
tion is capable of e - |
citrate and hepar¥in is particularly advantageous for use

in modulating clotting within a device.

The preferred combined citrate and heparin
anticoagulant regimen was further tested in healthy young
pigs, and in healthy and septic juvenile pigs. The
pressure-time profiles for these experiments in healthy
young pigs (#26, #27, #30-#33) using the Cytosorb I-A
device are shown in Figure 9. The pressure-time profiles
for these experiments in healthy and septic juvenile pigs
using the thcsorb“III-A device, along with control data-
from use of a sham device, are shown in Figure 10. These
experiments were performed with a heparin loading dose of
100 units per kilogram of body weight and 4.7 ml per
minute of ACDA for young healthy pigs, or 100 units of
heparin per kilogram of body weight and 0.33-1.0 mg of
citrate per ml of blood (equivalent to 4.7 ml of ACDA per
minute) for the juvenile pigs. The blood flow rates were
between 100 and 300 ml per minute for the young healthy
pigs, and between 30 and 80 ml per minute for the
juvenile pigs. If the activated clotting time (ACT) fell

- to a levgl near or below 200 seconds, additional heparin

o

was given. Heparin was given either in a bolus injection
of 30 to 40 units per kilbgram of body weight or as a
continuous infusion of 30-40 units of heparin per
kilogram per hour. All of these experiments showed
stable pressures for any given flow rate, and the
subjects tolerated the procedures well, as discussed
below. These experiments were successfully carried out
for five to six hours of blood processing.

Figures 9 and 10 illustrate the pressure-
flow-time profiles of healthy and septic subjects which
successfully, underwent five to six hours of blood
processiné using a éomposi‘tionl in accordance the invention, while
using a ' L




' F@FNT SHFET
renoving sel ected factors from whol € REPLP‘C y

i

dlgg EgecﬁﬁﬁﬁﬁﬁEhﬁﬂTSHEET

¢cgrding to claim 1l

CLAIMS
1. . A composition comprising amorphous, particulate,
« granular silica and a silica pret.reat:.ng agent which is

heparin or albumin, wherein the gilica has a speczfic
surface axrea between 150 m?*/g and 600 m’/g and contains
between 0.5 cc/g and 2.5 cc/g of porosity.

2. A composition according to claim 1 wherein the
specific surface area of the silica is between 150 w?/g and
1000 m’/g, optionally between 200 m*/g and 660 m*/g.

3. A cowposition according to claim 1 or 2 wherein the
N porosity of the silica is between 0.8 cc¢/g and 1.5 cc/g
and/or the silica is substantially unmodified chemically.

4. A composition according to any preceding claim in
which the ‘silica particles havé. a mean diameter less than
about lmm, optionally a mean diameter hetween about 50 and
250 microns.

5. A composition according to any preceding claim in
which the silica has a mean pore diameter of from 30A to
3004, optiomally from 60A to 2004.

6. A composition according to-any preceding claim in

whick human serum albumin comprises between 1% and 25%,

O optionally between 2.5% and 5%, by weight of the silica
' pretreating agent.

7. A composition according to any preceding claim in
which the silica pretrsating agent is substa.nt:.ally devoid
of covalent attachment to the silica.

8. A container or matrix comprising a composition
according to any of claims 1 to 7.
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9. A medical device co#prising a composiltion according

to any of claims 1 to 7 or a matrix acdcording to claim 8,

10. A composition according to any ofnclaims 1 to 7 for
the removal of a selected factor from a fluid, the factor
being a cytokihe, complement molecule, serotonin,
histamine, cholesterol molecule, pharmaceutical or

angiogenesis factor.

11. Use of a composition comprising amorphous,
particulate granular, silica and a silica ﬁretreating
agent, wherein the silica has a specific surface area of
at least 150m?/g, and contains between 0.5 cc/g and 2.5
cc/g of porosity, in the manufacture of a medicament for

use in a method of remo&iﬁg a selected factor from a

mammalian subject's blood or blood component.

12. Use according to claim 11 wherein the composition is
as defined in any of claims 1 to 7.

'13. Use according to claim 11 or 12 where the selected
factor comprises a cytokine, complement molecule,
serotonin, histamine, cholesterol molecule, a myoglobin

component, angiogenesis factor or a pharmaceutical.

14. Use according to any of claims 11 to 13 wherein the

method further comprises anticoagulating the subject's
blood.

15. Use according to claim 14 wherein the
anticoagulating comprises the use of citrate or citrate
and heparin. |

16. A composition comprising amdrphous, particulate,
granular silica and a silica pretreating agent which is
heparin or albumin, wherein the composition is capable of
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removing selected factors froM wWhole mammalian blood and

the silica is substantially unmodified chemically.

17. Use according to claim 11 wherein the blood

component is plasma.

18. Use according to claim 11 wherein the blood

component is serum.
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REMOVAL OF SELECTED FACTORS. FROM
WHOLE BLOOD OR_ITS COMBONENTS

Abstract of the Disclosure

This invention provides a composition, device
and method for the removal of selected factors, such as
cytokines or pharmaceuticals, from a substance such as
whole blood or plasma. Advantageously, the invention
providés for the treatment or prevention of septic shock
syndrome or other conditions evidenced by the presence of
cytokines in a patient by contacting the patient’s whole
blood with a composition comprising silica and a surface
treatment material, such as heparin, but preferably human
serum albumin (HSA). The treatment lowers the cytokine
concentration of the blood. Pharmaceuticals can be
removed from an individual’s whole blood or plasma, such
as for use in treating drug overdosage.



